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a student, the nest 7 as 
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1 j'lU'tor. and liuM! 4*J years as professor of physiological chemistry, 
was tlii.: lirst mar! to hold sueli a post in America and to direct the 
lu'sj ill !'>t trai ory h; 'his conntry deA'oted to tins science. For 24 yeai's 
ho ai.'P served as 1 s-ovdor ()i' tlie Sheffield Scientific School, from which 
},!u.~i! ioif he retiri'd in I't'j-j ^vhon ho had reached the age of 65. It was 
his gnod iorlnr;e t«> he with ns for 2.‘1 years more and thus to be able 
to see m a long post-retirement period nnmerons striking developments 
in many nhases of Die seionee of physiological ehemistiw Avhich lie had 
hehiofl to o'lrthd'-h. lie died on December 26, 1943. It is fitting that 
!iie of '!'!!■• dnni'iial of Niitrilion eai'ry an appreciation of the 

eont rdi!!l hms w i'.ii-ii < Idnonden made as a scientist and of his traits 
as ;i ioacht'r. liad coHeagne. 

itiissei! Ih'.-nrA' I'intt.enden Avas born in XeAv IlaA’en, Coimeetient, on 
Fehrnary IS, isrift. nf juirents with a lineage going hack to a William 
Chitterulen Avho ejiagrated to this country from Oranbrook, Kent, Eng- 


land. in lG:h>. Kis early education was receh^ed in the NeAV Haven 
indiru* sidiools. and his preparation for Yale obtained in a local private 
scliuoL An eaily interest in the classics eventually Avas replaced by one 
in natursd science and the study of medicine Avhich led finally to matricn- 
lathm hi, tlio Shenieid Scientific School. He graduated at the age of 19 
wins a l!.S. degree, having offered a thesis entitled ‘‘Glycogen and 
(uycocoll in the Muscular Tissue of Poetens irradians.” This was pub- 
lished in the A.n!erieau diuirnal of Science and Arts and subsequently 
translated into Oeimnin and ptihlislied in Liebig’s Annalen dor Chemie. 
Tlje sitjry of how this iiaper favorably influenced Kiihne in 1878 to 
Cliittertikm as a student in the laboratory at the University of 
lieidellierg is Avell known to students of physiological chemistry who 
have iH’iul Chitteiulen’s monograph “Tlie Development of Physiological 
Cheniistry irt the Fnited States” published 8 years after his retire- 
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ment from active duty at Yale.* Tlw effect ot bi^ . ■ , ' ' ' 

Kiilme was destined to be evident over a period of yefirs in f ih* ' : : 

papers emanating from Cbittendeirs laboratory. It woi i*.« 
bered that we owe to Kiibnc the word “e:: 7 y;! . ” (ni 1 and iLi'. 
for many years Kiihne was much interested in proldem- ui dtvo- imn. 
Between 1875 and 1883, Chittenden’s Laboratory of ^ ’ : 

Cbemistry published twelve papers; four more ay;. ■: ’ n. 051 .. 




U; 


liotl:] in 
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of them written jointly with Kiihne and 

the Zeitschrift fiir Biologie and in English in the'\ ' * 'liomi-'ril 

Journal. Eleven more papers were published in 1885, sevesi of wivich 


dealt with various aspects of starch and protein iligestiori an*, losiv oe 
regarded as reflecting the association with Kiihne. Csu? t'ai! go tfirouif :!! 
ail of the volumes of collected papers i.ssued in tliose earlier yc-ars and 
find numerous examples of this continuing inflnenee of Heidei!‘erg. 

Prof. Lafayette B. Mendel, one of Chittenden’s pupils, i roqnently told 
Ms students how, in the few years prior to ItKU when f olinlifijn a,n' 
uouncecl the discovery of erepsin, CMtienden juit many of his slrnients 
to work on the problem of the fate in the body of the , juid 

peptones known to result from peptic and trjqdie digestion. 'riH* fid! 
ure to find these coniiiounds in the blood led to the fornnihdion of ca! i 
ous hypotheses. One was that during absor]>lioii these .o iq ‘n, 
combined in various w'ays to jirodnce the proteins in llw 
blood. In vitro attempts w'ero made to shetdrib' fl->' •'■ 1 ; ; :• •• d* 

ing in the intestines, such ns ]>eristidsi~. of vtlli and 'd;. 

Mixtures of proteoses and pe])torie.s were pl.-ir-cu . h,. bags, 

the bags immersed in appropriate fluids and then moved in ' ' i ’ 

ways; after varying periods analyses were made of the finids Iwdl! 
■ inside and outside the bags. No evidence could be obb ':i"d ' i; 
tbe idea of a recombination of proteoses and peptosict to form larger 
protein complexes similar to those known to occur in the blood. Tbe 
discovery of erep.sin by Conbeiro in 1901 of coarse ihcMui 
point of view and approach to the l)asii' |»ruM.'ir:, and f.-; 
tion oh the amino acids and relatively simple peidide:-, , 

Students of Tintrition renicniher (dhiitendcs! ehiefjv (lO ' 
ideas on the anionut of protein tscedcd for nin!.'de?ni?; ‘. •> 
adult. He was led to study this problem! by the chii:!!' b* 

1902-03 by Mr. Horace Fletcher, who advocated that .m 
of food should he chewed thirtv-two tijnes or more bcibtr! 


tbe enti,re 

M i' : ! 'M I 

.:r I '5 




lowed FleMier believed that by MIowiils; Iris partit'rjlni 

he had foaiid it possible to thrive oti siBaller aBioniits of forMi than 

people commonly used, Chittenden took kindly to Ihi* idm tiint tm 

■ H. Chittenden,, * ^ The, Bevelopmait of Ehysiologleal Clieniktry |.l th.« ' 

: p* 33, Am,ericaii Chemical Society Monograph SerieJ^. Clxeinieal Otslogtu;* Kvw 
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great a consumption of protein witli its attendant excretion of larger 
amounts of nitrogen metabolites through, the kidney may mean impos- 
ing a greater physiological strain on the kidneys. As a scientist he 
saw that the problem might be studied through experiments aimed at 
determining the state of the nitrogen balance in men subsisting on 
low levels of protein intake. He therefore conducted nitrogen equili- 
brium experiments on himself and four of Ms colleagues, eight college 
students and thirteen volunteers from the U. S. Army. He found that 
nitrogen equilibrium could be maintained with a daily intake “one- 
half of the 118 gm. of proteide food called for daily by the ordinary 
dietary standards.” The ordinary standard referred to here was the 
Voit standard. Chittenden also concluded that “body equilibilum can 
be maintained on far less than 3,000 cal. per day by tlio brain worker.” 
These studies were reported in “Physiological Economy in Nutrition” 
published in 1905. They "were then extended to include experiments on 
the dog, and reviewed in lectures given before the Lowell Institute in 
Boston in the early part of 1907 and published in the volume entitled 
“The Nutrition of Man.” 

Chittenden’s distinguished position in the .scientific world led to 
several interesting calls to public service. He was appointed by Presi- 
dent Tlieodore Eoosevelt to membership on the famous Eemsen Referee 
Board asked to pass on the question whether sodium benzoate in foods 
is toxic. This board sxibjeeted Wiley’s claim of toxicity to the rigors 
of laboratoiy experimentation and arrived at a negative answer. Dur- 
ing' Wox'ld War I Chittenden served as a member of the executive 
committee of the National Research Council. During and after the 
war he and Graham Lusk visited Europe as representatives of the 
United States to meet with tlxe Inter- Allied Scientific Food Commission. 
Lusk ® has written how : 

In the winter of 1918 C’hittenden and I went to Europe . . . under 
instructions from our Governmexit to reduce the food requisitions upon 
the United States to a minimum. The Pood Committee of the Roval 
Society had adopted 3000 utilizable calories per day as the requirement 
of an average man doing an average day’s work, and at the Paris meet- 
ing of the Inter-Allied Commission their representatives were inflexible 
in holding to this position. Before one of the meetings, while walking 
over the Pont Royal which took us to the left bank of the Seine, Chit- 
tenden said to me, ‘Ijusk, we are here to aid these suffering peoples to 
the maximum of our power.’ A few" minutes later he said before the 
startled commission, Hf yon will not hear us wo might as well go 
home.’ This led to the unanimous adoption of a modification of state- 
ment that read: It was agreed that in case this i-ation could not be 
provided a reduction of not more than 10% could be borne for some 
time without injury to health. 

’Graham Lusk, “American Contemporaries — Bussell Henrj Chittenden'’. Iiid. Eng. Chem.. 
vol. 21, p. 91 (Jan.) 1929. 



Most of the present generation of students do not know ot the |jart 
played by Chittenden in stimulating talented young men to enter medi- 
cine. Dr. John Howland, the noted pediatrician, stated thal iic I'l ci'ivcd 
a greater stinmhis from his course under Cliitteiiden than was oi«lain- 
able in the medical schools of that day. Harvey Cushing had 
to study architecture, but attendance on Chittenden’s courses ili\'ertcd 
him into medicine. In addition to Howland and Cushing laisk citcr- 
the following list of great teachers as having received their gTi.-aiest 
stimulus from Chittenden: Theodore Janeway, E. P. Josliu, Samuel M . 
Lambert, Eichard P. Strong, Joseph A. Blake, John A. Haidwell, Lewis 
A. Conner, L. B. Mendel, A. N. Eichards and Gideon Wells, f’liitteiiden 
would persuade a student to spend an extra year with liini after gimdoa- 
tion and work in physiological chemistry, Tlie effect of such a year, 
“shown hy the record” as one might say, was certainly far renchirig. 
As Lusk states it, “He built up the first true school of scientific otuleavor 
concerned with the premcdicnl education in this country; tliat is to 
say, he formed a group consisting of the master liimself surrounded 
with pupils who in their turn hccante masters.” His work was done in 
what was at one time the residence of i^fr. Sheffield which had bceti 
converted into a laboratory. This old fa.s]rione«l house, with one of 
its laboratories m what had been an art gallery and tlms j>rovidi>d witli 
a skylight, to mention but one of its int(‘rf>ting features, was Chitten- 
den’s workshop. During his years as Director of tin* Slu'ffic'hl .Scientific 
School, he relinquished more and more the work of active teaching of 
courses and direction of graduate students to his colleague, I’rnf. 
Lafayette B. Mendel. It was his good fortune to live to see his own 
work on Jhe significance of protein in nutrition carried forward in the 
discovery of essential amino acids by Osborne and Mendel, and (»f tbe 
significance of these compounds in nntrition and physiological I'hernis- 
try by a long list of workers too numerous to mention indivulually. He 
maintained a keen interest in these and related (h'velopnicnts and was 
mentally alert until the very last. In his passing during his eiglity- 
eighth year iihysiologieal chemistry and nutrition lost one of tlie Anicr 
ican pioneers. 


{'G.RJ''.) 



THE PEODUCTION OF HYPERCALCEMIA WITH SMALL 
AMOUNTS OF VITAMIN D ^ 

JAMES H. JONES 

Department of Fhysioiogioal Chemistry, School of Medicine, 

University of Fennsylvania, Philadelphia 


(Received for publicutioii February 24, 1944 j 

Over a decade ago in publications from this laboratory (Jones et al., 
’30; Jones and Eapoport, ’31) it was shown that the degree of hyper- 
calcemia produced in dogs by large doses of vitanrin D was dependent, 
to a large extent, on the amount of calcium in the diet. The hj'-per- 
phosphateniia produced by excessive amounts of vitamin D, which 
is not so marked and is more irregular than the increase in serum 
calcium, appeared to be less dependent on the amount of dietary phos- 
phorus. It was concluded that the net absorption of calcium from the 
intestinal tract was increased by the vitamin and there was less effect 
on the absorption of phosphorus. Harris and Innes (’31) observed 
that the toxicity of irradiated ergosterol was less on a calcium-low diet 
than on a diet containing liberal amounts of this element. Later, from 
studies on the fecal excretion of calcium and jjhosphorus, and on the 
absorption of these elements from isolated loops of the intestines, 
Nieholaysen (’37a, b), in agreement with our earlier work, concluded 
that vitamin I) increased the absorption of calcium from the intestinal 
tract but had little effect on the absorption of phosphorus. 

More recently Schneider and Steenhock (’39) presented evidence 
to indicate that vitamin D acts by directing the phosphorus to the 
blood and growing bone at the expense of phosphorus wiiich would 
otherwise be used by .soft tissues. They based their conclusions upon 
the observation that vitamin D administered to I'ats on diets very low 
in phosphorus raised the level of inorganic phosphoims in the serum 
and increased calcilicatiou but reduced the rate of growth of the animals. 
They stated that the effect on growth was not due to toxicity of the 
vitamin as only small doses of the latter were given. They did not 
compare the levels of serum calcium in their vitamin-fed and control 
animals. Hypercalcemia iin’ariably results from large doses of vitamin 

^ The data included in this paper were presented in abstract form in Federation Proceed- 
ings 1943^ vol. 2, p, 64. 
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D and is thus a valuable gniide in detcnnining 1 lie extent of the toxie 
action of the vitamin. Small amounts o.t vitamin it hav e b(,*eu 
to produce a hyperealeemia when given to rats on t!ie liigii ealeiuni- 
low phosphorus type of rachitogenic diets (Jones, 'ilS). Freeinan and 
McLean (’41) have also reported that dogs on a diet s-Mhl;;';.:!.- very 
small amounts of phosphorus developed a marked iiyperealeeinia even 
when no vitamin 1) was given. In our work witli diets very low in 
phosphorus we have repeatedly observed that vitamin D gi\eu at 
ordinary therapeutic levels frequently produces an ap]»reciahle ityper- 
ealcemia in rats. Following are the result.s of a detailed stud}' ol the 
factors concerned in the production ot the hy])ei'c<!k'eniia and the 
relation of the increase in serum calcium to ehaums in weight of the 
experimental animals. 

EXPUiUMENTA!. 

Albino rats were nsed as experimental animals and in the majority 
of eases were placed on the experimental diet at ’2o days ol age atid 
continued on it for 21 days. At the end of tiii.s period tin; sora ol several 
animals were pooled and anlavEed for calcinm by tlie niethod of ( 'lark 
and Collip (’25) and for inorganic jiliospluirns by the nieliMd ol 
Kuttner and Cohen as ontlined by Youngburg and Yonnglmrg (’Jh). 
One wrist hone from each animal was stained with silver nitrate and 
examined for the extent to which rickets had develojied. Tlic right 
femur was removed and the percentage asli determined ot’ the lipoid- 
free bone. The basal diet consisted of alcohol-extracted librin 180 , 
liver extract 2%, glucose (cerelose) containing 20 mg. of tliiamine 
chloride per 1(W gm. 1%, cottonseed oil 1%, and carotene-in-oil 3 drops 
per 100 gm. The salt mixture used in the basal diet was ‘‘salts 10” 
(Jones, ’39) at a level of 3% which supplied about 0.33C calcium. 
■When more calcium was desired it was furnislsed by atldilionai ('alcintn 
carbonate. Either dextrinixed starch or glucose (eertdose) wjss added 
to make 100 gm. When any source of vitamin B was given it was 
dissolved in cottonseed oil at such a concentration that tlie desired 
amount was supplied by 1 g'm. of the solution in 100 gm. of the diet. 
This solution replaced the cottonseed oil of the basal diet. 

The above diet contains about 0.02% phosphorus. The diet u.sed b}- 
Schneider and Steenhock (’39) contained 0.04% phosphorus. In sorn ^ 
of the following experiments the phosphorus content of the diet was 
increased to equal that in the diet of Schneider and Steenhock by 

■ ^ Tlie' liver extract was furnished by Dr. C. E. Graham ^ of Wilson Laborafones^ Chicago, 
Illinois. 
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replacing 1.5% of carbohydrate with an equal quantity of dried 
brewer’s yeast. The calcium content of the diet used by these authors 
w^as 0.57%. 

Experiment I. 0.55% calcium, 0.04% phosphorus 

In the first experiment reported here (experiment 1, groups I and II, 
table 1) the phosphorus and calcium contents of the diet used were 
approximately equal to those of Schneider and Steenbock. In addition 
to the basal diet the animals of group I were given 100 I.U. of vitamin 
D per 100 gm. of diet. The data presented under the heading of group I 
are the averages obtained from five different trials done at different 
times. In three of the trials the vitamin D w'as furnished in the form of 
irradiated orgosteroP and in the other two experiments as pure 
crystalline calciferol.^ Group II, which received no vitamin D, was 
composed of animals from the same litters as those used in group I. 
When comparing groups I and II it is seen that on the average the 
animals receiving the vitamin supplement gained about f as much 
in weight as the controls. The vitamin D, however, produced an in- 
crease in serum calcium of more than 2 mg. per 100 ml. of serum 
over that of the animals on the basal diet. The level of phosphorus, 
although still •considerably below normal, was increased slightly by 
the vitamin. There was also an increase in calcification as shown by 
the weight and percentage of femur ash. 

Experiment 11 . 0.55% calcium, 0.03% phosphorus 

In the next experiment (experiment 2, groups III and IV, table 1) 
the conditions were kept the same except that the phosphorus was re- 
duced to 0.02% by omitting the yeast. The results are very similar 
with the exception that the serum calcium of the vitamin-fed group 
(group III) was somewhat higher than in the corresponding group of 
the first experiment (group I). It is also to be noted that the animals 
of group III showed practically no growth during the experiment. 
The level of calcium in the serum of the animals on the diet without 
vitamin P was exceptionally high in this experiment. A certain degree 
of hypercalcemia invariably results in rats on the high calcium-low 
phosphorus diets, but the increase is usually not over 2 to 3 mg. per 
100 ml. of serum. 

® Kindly Bpppliecl toy Mead JohBson' aiid Company, Evansville,, Iiidiapgt, 

.^Supplied th'Toiigli ,tlie eoBxtasy of'Pt. 0.. W, Barlow of . Winthrop Cliemieal': Company 
Bennselaer/H: Y,. ' ' 
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Experiment III. 1.00% calcium, 0.02% phosphorus 

To test further the relation of dietaiy calcium to the hypercalcemia 
and the inhibition of growth produced by vitamin D on a diet low in 
phosphorus, another experiment was conducted in which the phos- 
phorus in the diet was maintained at a level of 0.02%, but the calcium 
was increased to 1.00%. The results (table 1, experiment 3) are but 
little dilferent from those obtained in experiment 2. The animals in 
the group receiving the vitamin (group Y), showed a very slight loss 
of weight during the experimental period, and the serum calcium was 
slightly above that of the corresponding animals of the previous experi- 
ment. In spite of the very low phosphorus content of the diet and a 
calcium to phosphorus ratio of about 50:1 there was an unmistakable 
increase in calcification of the femurs as showm by both the weight 
and percentage ash. In experiments 2 and 3 the average gain in weight 
of the animals not receiving the vitamin supplement was about 10 gm. 
for the entire period of 3 weeks. This compares with about 20 gm. for a 
similar length of time on rachitogenie diets somewhat higher in phos- 
phorus. 

Experiment IV. 0.33% calcium, 0.02% phosphorus 

As there was only a slight dilferenee in the results Avhen the calcium 
was increased from 0.55% to 1.00% another experiment was carried 
out in which the calcium in the diet w'as reduced to 0.33%. The results 
are given in table 1 (experiment 4, groups VII and VIII). In this 
experiment the addition of vitamin D did not inhibit growth. In fact, 
the average gain in weight for the animals receiving the vitamin was 
somewhat more than that for the un supplemented group. Similarly, 
Day and McCollum (’39), using a diet containing only slightly more 
calcium (0.40%) and low in phosphorus, did not find that the growth 
of their animals was inhibited by vitamin D. It is also to be noted that 
the serum calcium for group VII was less than for any of the above 
mentioned groups which received vitamin D, and calcification, espe- 
cially as judged by weight of femur ash, appears to have been slightly 
less. 

Experiment V. 0.03%3 calcium, 0.02% phosphorus 

In the next experiment (experiment 5) a salt mixture containing 
no calcium was used in the basal diet and no calcium carbonate was 
added. This produced a marked inadequacy of calcium in addition 
to the deficiency of phospliorus. In spite of the low calcium to phos- 
phorus ratio (approximately 1.5:1) these animals developed pro- 
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nounced rickets witli a low serum plio.-plioiais. The ealeium tleiieieiicy 
was so severe tliat locomotion became difficult and many of tlie {iiiinials 
lost weight and some died before the end of the 21-day cxym-iun'oltd 
period. In the experiment reported (table 1, groups IX X) the 
length of time that the animals were maintained on Ibe delieient diets 
was reduced to 14 or 16 days. On this diet the addition of the vitamin 
pz’oduced no hypercalcemia, and the animals showed a grcatiT gain in 
weight than in any of the other experiments. In experimzmt 4 it was 
noted that calcification seemed to be somewhat less than In the exjieri- 
ments in which more calcium was given. In expei'iment 5 tlie addition 
of the vitamin apparently did not increase calcification to any extent 
as judged by the weight or percentage of bone asli. This M-as also 
indicated, but to a less degree, by examination of the wrist botu's after 
staining with silver nitrate. The failure of ealcification at the meta- 
physes in these animals cannot, however, be due solely to the low 
dietary calcium. It has been previously demonstrated (Jones and 
Cohn, ’36) that the rachitic metaphyses of tiie rat can become calcified 
on a diet practically devoid of calcium if ample phosphorus is provided 
in which ease the serum phosphorus of the rat is high. In the -[treseiit 
experiment both calcium and phosphorus were extremely deficient r(‘- 
sulting in a serum calcium below normal and a very low level of phos- 
phorus. Under these conditioms the vitamin \v:js iuiablc i«,» iiu-rcase tiie 
level of either element to tlie point where calcification would ta ke phiec*. 

Experiment VI. 1.00% calcium, 0.01%- phospiwru.'^ 

In still another experiment (experiment 6, groups XI and XII) the 
phosphorus of the basal diet was reduced to aljout 0.01% by replacing 
the liver extract with synthetic vitamins of tlie B gT( 3 up.-’ The dietary 
calcium in this experiment wa.s high. Again there was a marked in- 
crease in serum calcium in the vitamin-fe<] group, and the aniranls Iu.-t 
an average of 4.5 gm. in weight during the exj>erimeittui period. 

Experiment VII. Effect of cxtryma (liciary cukitnn on 
response of litter matcci 

Although the individual variations between different experiments 5?! 
some eases are small, it is interesting to observe that in the series 
of experiments thus far reported (experiments 1 to 6) the levels of 
serum calcium in the vitamin-fed groups, without exception, are in 

“100 gm. of the diet contained the following pure vitamins In the amounts indirated: 
Thiamino chloride 200 /xg., riboflavin 200 /tg., pyridoxine 200 /.g., pantothenic acid 1.2 mg., and 
nicotinic acid 1.2 mg. These compounds were all supplied by Merck and Company, Rahway, N. J. 
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reverse order to tlie gain in weight (average of each group) of the 
same animals. The relation of the amount of calcium in the diet to 
the degree of hypercalcemia produced by vitamin D and the relation 
of the hypercalcemia to growth is shown very well in experiment 7. 
In this experiment rats from the same litters were given varying 
amounts of calcium in addition to the basal diet containing 0.02% 
phosphorus. All animals were given the same amount of vitamin D. 
Here again the levels of serum calcium are in the same order as the 
amount of calcium in the diet and the changes in weight are in reverse 
order (table 1, groups XIII, XIV, and XV). 

In the first experiment irradiated ergosterol and crystalline calci- 
ferol were used with no appreciable difference in results. In several 
trials the activated form of 7-dehydroeholesterol was used as the source 
of vitamin D in addition to a diet containing either 0.55% or 1.00% 
calcium and 0.04% phosphorus. In general the results were the same as 
when vitamin D^. was used. That is, the vitamin produced a pronounced 
hypercalcemia and the extent to which growth was inhibited appeared 
to be related to the degree of hypercalcemia. 

Experiment VIII. Comparison of vitamins and A.T.-IO 

Considerable evidence has been accumulated to indicate that per mg. 
dihydrotachysterol (A.T.-IO) is as effective in producing a hyiier- 
ealcemia under ordinary conditions as either vitamin Do or D* but 
is a poor antirachitic agent. Several experiments were carried out in 
which the effect of this material when given in connection with a diet 
very low in phosphorus was studied. In experiment 8 (table 1, groups 
XVI, XVII, XVIII and IX) the activated form of 7-dehydrocholesterol 
(vitamin DJ was compared with dihydrotachysterol in their effects 
on growth and the levels of serum calcium. The 7-dehydrocholesterol 
was a commercial preparation ® which had been standardized in vitamin 
D units and, as is the case with irradiated ergosterol and calciferol, 
the dosage is expressed in units per 100 gm. of diet. The dihydro- 
tachysterol was also a commercial preparation in which the activity 
was expressed in mg. of crystalline dihydrotachysterol per ml. of 
solution.'^ The dosage in this ease is expressed in micrograms per 100 

«The aiitlior is grateful to Dr. J. Waddell of E. I. dnPont de Nemours and Company, 
New Brunswick, N, d., for the aetiva.ted 7-deIiydrocliolesterol used in these studies* 

^ ^ * Ilytakerol ^ ’ of Winthrop Chemical Company. According to the manufacturers this 
preparation contains the equivalent of at least 1.25 mg. crystalline dihydrotachysterol per ml. 
It contains 110-120 vitamin D units per ml., and 0.5 ml. raised the calcium in the serum of 
rats (200 gin.) to 14 mg. per cent. 
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gm. of diet. Assuming 40,000 I.U. per mg, to be the value of either 
D 2 or Dg, the dose of 100 I.U. which was used in most of these experi- 
ments would be equivalent to 2.5 ag- of the jnire i-onsiJem-fL Twenty- 
five ng. of dihydrotachysterol per 100 gm. of diet were given in ex- 
periment 9. In spite of this comparatively large dose there was little 
or no effect on either growth or the level of sennn caleiiini. As u<nally 
measured, the hyperealcemic action of dihydrotaehysterol, on a weight 
basis, is approximately equal to that of vitamin I);, or D,.„ ^rhereas its 
antirachitic action is much less. In the present ease i!' 
action is also much less. This would indicate that tlie atiility oi' vita- 
mins Da and D,, to raise the serum calcium to abnormai values under 
the conditions described is associated with their antirachitic action in 
contradistinction to their more or less separate action a.'- iiyinM'- 
calcemic agents. 

mSCL'SSlON 

The above data indicate eleai'ly that tlie administratiou of vitamin I) 
to rats on a diet high in calcium and very low' in phosphorus }»roduees 
a pronounced hypercalcemia, and the degree of tlie rmsultiug liyper 
calcemia is dependent upon the amount of calcium in tlie diet. Further- 
more, the inhibition of growth which aceompaiiics the vitamin tinder 
these conditions is in turn dcpi'iulent upon tlie hypercalcemia. II 
cannot be stated that the high level of serum calcium is the direct 
cause of the failure of grow'th. Schneider and Steenboek (’39) found 
no increase in concentration of inorganic phosphorus in various soft 
tissues of their animals during the experimental period wliereas there 
was an increase in the ash content of the bones. They interpreted 
this observation as additional evidence in favor of their theory that 
vitamin D directs the phosphorus to the bones at the expense of the 
soft tissues. We were able to coniirm Ihese results on liver and 
muscle tissue taken from a few of the auinm.ls used in tim expm'imeiits 
described above. However, in neitber Scdineider and SteeiihuelUs nor 
our experiments was a decrease in tlie phospliorus content of tlu' sofi 
tissues observed as a result of the adminisl ration of tiie vtlamii!. Siuee 
normally there is no increase in the coacentration of piios|>l!orus (mg. 
of P per gm. of tissue) in the soft tissues during tlie growing {leriod, 
the above results are >vhat might be expected. Also, as the animals 
were not increasing in size, no absolute increase in the amount of 
phosphorus in these tissues w'ould be anticipated. On tlie oilier hand 
calcification of bone could very well take place in a young animal tliat 
was not actually gaining in weight. This calcification unquestionably 
is aided, by the vitamin. The data presented above give additional 
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evidenee in favor of the view that vitamin D increases the absorption 
of calcium from the intestinal tract, and that the resulting calcification 
is dependent upon the level of both calcium and inorganic phosphorus 
in the serum. In the experiments in which a sutiicient quantity of 
calcium was supplied in the diet the vitamin increased calcification 
although the level of serum phosphorus was still below what is gen- 
erally regarded as the rachitic level. In contrast to this, when a diet 
lower in calcium was given, there was less calcification even though 
there was some increase in serum phosphorus. These observations serve 
to emphasize the importance of the interdependence of the levels in 
the serum of calcium and phosphorus in the process of calcification. 
Howland and Kramer (’22) were the first to recognize this relation- 
ship and evaluated it as the product of the concenti’ations of calcium 
and inorganic phosphorus expressed as mg. per 100 ml. of serum. 
Patwardhan and Sukhtankar (’43) have recently directed attention 
to this phase of the subject. Increasing the calcium-phosphorus product, 
by an increase in either the level of serum phosphorus or calcium 
would result in gTeater calcification. To this extent vitamin D might 
be considered as directing the phosphorus to the bone, but there is 
no evidence that the element is actually taken away from the soft 
tissues. In a previous publication from this laboratory (Jones and 
Rapoport, ’31) it was shown that the nausea and vomiting in dogs 
caused by large doses of irradiated ergosterol were not related to the 
amount of vitamin D administered but to the resulting hypercalcemia. 
In the experiments reported above the failure of growth in rats again 
appears to be associated directly with the degree of hypercalcemia 
produced and is probably the result of the toxic action of the high 
serum calcium. 

SUMMARY 

The inclusion of one I.U. of vitamin D per gram in a diet very low 
in phosphorus and high in calcium produced a pronounced hyper- 
calcemia in rats. Irradiated ergosterol, pure calciferol, or irradiated 
7-dehydrocholesterol were equally effective, whereas dihydrotachy- 
sterol (A.T.-10) was much less effective. The degree of hyper- 
calcemia produced by vitamin D was found to be dependent on the 
amount of calcium in the diet. Glrowth was inhibited only in those 
animals in which there was a rather marked hypercalcemia. In general, 
the extent to which growth was inhibited was directly related to the 
degree of hypercalcemia. Calcification, as judged by either the abso- 
lute or relative amounts of femur ash, was greater in those cases in 
which there was a definitive increase in serum calcium. 
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The purpose of this study was to compare the rates of absorption 
and utilization of phosphorus as present in phytin, in lecithin and in 
disodium phosphate ; especially in relation to the pH of the alimentary 
contents and the phytin-splitting enzyme of the intestinal wall, and as 
the facts in these matters contribute to the understanding of the 
rachitogenie property of cereals. 

Kinsman et al. (’39) gave a method for expressing the utilization 
of calcium in the following terms : 


BfdiO'ntio'iL Period A — Retention, Period B 
intake, Perioil A — Intako, Period B 


X 109 == per cent utilization 


This method of representing efficiency of utilization was followed 
in the present investigation, the phosphorus intake in period A being 
high but not in excess of the level of maximum efficiency of utilization ; 
and in period B the intake of phosphorus was just above the level 
of equilibrium. 

The rachitogenie property of cereals was attributed by Bruce and 
Callow (’34) to the unavailability of the phytin phosphorus present. 
Harrison and Mellanby (’39) found that commercial phytin was not 
rachitogenie, whereas, sodium phytate was rachitogenie. They sug- 
gested that the rachitogenie action of cereals is normally due to the 
action of the phytic acid in inhibiting the absorption of calcium. Palmer 
and Mottram (’39) indicated that the unavailability of phytin phos- 
phorus is associated with the disproportion of the levels of calcium 
and phosphorus fed. 

Lowe and Steenbock (’36b) found that phytin phosphorus was 
absox’bed although not as efficiently as inorganic phosphorus ; but when 
the ration contained 3 % calcium carbonate scarcely any of the phytin 
phosphorus was absorbed. They postulated that calcium carbonate 

^ Antliorized for publication on February 10, 1944, as paper no, 1219 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. 
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iiiliibits the action of an intestinal enzynae which normally liydrolyzes 
phjrtin and makes its jrhosphorus available. In turther studies Krieger 
et ah {’40a) comparing inositol-hesaphosphorie. acid with inorganic 
phosphorus at a Ca/P ratio of 1:1, found the phytin phosphorus 
almost as readily utilized as the inorganic phosphorus. However, 
when the Ca/P ratio was 2: 1 the availability of the phytin phosphorus 
was markedly decreased, while that of the inorganic phosphorus was 
not markedly atfected. Jones (’39) also found that for rats the Ca/P 
ratio had a”marked effect on the availability of phytin phosphorus. 
Krieger et al. (’40b) found the calcium of caleinm phytate to be as 
available as that of calcium carbonate. JileCance and Widdowson ( ’35) 
have shown that of the total phosphorus of cereals between 41 and 68% 
is phytin phosphorus, and that from 20 to 60%. of the pity tin fed to 
humans is excreted unchanged in tlie feces. 

Eastman and Miller (’35), reporting on intestinal pH values, found 
the pH higher in rats fed a rachitogonic diet than in rats fed a normal 
diet. 

Patwardhan (’37) fouud, iu extract.^ from the inte.stinal wall of rats, 
an enzyme capable of tlie hydrolysis of sotlium ^ihytate. Pat.wardhau 
ruled out the possibility of tlie eiizyim* coming i'rom tlie food l.ieeause 
the enzyme wa.s found present in wc-auliug r;:it>. I.owe arid Steetiboek 
(’36b) were of the opinion that any hydrolysis of the phytin wiiicii 
takes place in the intestines is due to the activity of tiu- latest iiial 
flora or to the phytase from the vegetable part of the diet. 


EXPERIMENTAL 

The experiment \vas carried out using growing albino rats as sub- 
jects. These animals ■were fed a commercial dog food - ad libitum 
until they reached a ■weight of about 80 to 90 gm. From this time on 
they received a basal ration in which ];>hos])liorus wa^ present to the 
amount of 0.12%. This approximates the minimum amount for some 
growth. Following this basal ]>erjod tlui rats w(‘re fed rations with 
double this amount of phosphorus, 0.25/f . The extra phospiiorus ■'.vas 
in the form of disodium phosphate, of crude soy beau lecithin,” or of 
phytin.^ In all cases the Ca/P ratio was approximately 2:1. TJie 
0.12% phosphorus chosen for the basal ration was below the amount 
indicated by Forbes (’37) as being near the minimum, and not lo'wer 
than the 0.113% indicated by Brown et al. (’32) as producing rickets. 

® Purina dog chow. 

®A. E. Staley Mfg. Co. 

^Pfanstiehi Chemical Co. 
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For the higher phosphorus rations, 0.25%, was chosen as being below 
the 0.257% indicated by Nicolaysen (’37) as that required for optimum 
growth. 

The basal rations, per 1,000 gm., contained 60.0 gm. of wheat gluten, 

120.0 gm. of laetalbnmin, 538.1 gm. of corn sugar,® 80.0 gm. of a 
hydrogenated fat,” 70 gm. of butter, 26.0 gm. of calcium and phosphorus- 
free salt mixture (Sherman and Smith, ’31), 30.0 gm. of cod liver oil, 

64.0 gm. of milk vitamin concentrate,'^ 5 mg. of thiamine hydrochloride, 
2.45 gm. of disodium phosphate, 2.68 gm. of calcium carbonate, and 
6.77 gm. of sodium bicarbonate. The higher phosphorus rations had 
essentially tlie same composition except that the sodium bicarbonate 
was omitted and additional phosphorus was added as needed in the 
form of disodium phosphate, crude soy bean lecithin, or phytin. Since 
the crude lecitfdii contained some oil tlie amount of fat was cut down 
to 41.8 gm. foi' this ration, (hdcium carbonate was added as needed 
to bring the' (’/P ratio to 2: 1. In all cases the adjustment to 1,000 gm. 
of ration was made at the expense of the corn sugar. All rats were 
fed 7.14 gm. of ration per day. 

Rats 1 to 36 used in basal period I and in period TI wei’e litter-mate 
triplets (table 1). In period IT, on the higher phosphorus, one rat of 
the triplet received the disodium phosphate ration, a second the lecithin 
ration, and tlie tliird the phytin ration. Periods T and II were 14 days 
long with collection of urine and feces during the last 7 days in each 
case. Rats 37 to 64 used in basal period III and in period IV, were 
litter-mate pairs. In period lY, on the higher pliospliorns, the first 
rat of the pair received the disodiimi phosphate ration and the second 
the phytin ration. Periods III and TV wei’e 21 days long with collec- 
tion of urine and feces during the last 14 days in each case. 

In preparation for analysis the samples of feces, nrine, or feed were 
digested with concentrated sulfnric-nitiic acid mixture, and then made 
up to volume. Aliquots of these solutions w^ere used to determine 
calcium by the McC’rudden (’10; ’ll) method, and phosphorus by tbe 
Piske and Snbbarow (’25) method, using a photoelectric teclmique for 
the latter. 

Following period IV the rats were gassed and the stomach, small 
intestine, and cecum were I'emoved. The pH values of the contents 
of various segments were determined using a Beckman pH meter 
fitted with a glass electrode. Following this the small intestines and 

® Cerelose, 

* Criseo. 

‘ Labco, BO. 15-42. 
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JilSCtTSSION OF RESULTS 

Tiie rats of all three groups on the basal ration, period I, had 
approximately the same direct retention of calcium and phosphorus. 
On the higher phosphorus rations, period H, the rats on the disochum 
phosphate ration and on the lecithin ration showed a higher direct 
retention of 67.2% of the dietary phosphorus, while the rats on the 
phytin ration showed only 57.8% phosphorus retention. The corre- 
sponding calcium retentions for period II were 50.2%, 4;>.4%*, and 
36.9%, respectively. In terms of the Kinsman et al. (’39) formula 
for “utilization”, the rats on the disodium phosphate ration .siiowed 
63.9%, those on the lecithin ration 69.2%, and those on the phytin 
ration 49.4% phosphorus utilization. The corre.sponding calcium utili- 
zations were 41.9%, 32.0%, and 16.1%, respectiv'ely. 

On the higher phosphorus I’ation, period 1\' , the rats on tlie disodium 
phosphate ration showed a direct retention of 62.7% and tho.se on the 
phytin ration 61.7% of phosphorus. The corresponding retentions for 
calcium were 63.7 %> and 56.0%>, respectively. The “ritilization” of 
disodium phosphate phosphorus was 45.0%> and of iiiiytin i)ho.sphoriis 
42.5%. The corresponding “utilizations” for calcium were 67.t)%;> and 
51.5%, respectively. The low utilization of the extra disodiuin phos- 
phate phosphorus is attributed to a lower intake of calcliuii, for this 
ration, which made calciuni the limiting element. The Iiighcr amount 
of phosphorus in the urine of the rats on the disodium phosphate ration 
is attributed to the use of phosphorus to eliminate extra sodium. 

The percentage of phosphorus “utilized” from phytin is mucli less 
than that directly retained. This percentage of “utilization” more 
nearly represents the phytin phosphorus, whereas, the direct retention 
represents both the phosphorus of the basal part oi the diet and ot 
the supplementary phytin. 

The “utilization” of calcium and of phosphorus varied much from 
rat to rat, which accounts for the large standard errors .shown in 
table 2. These variations in “utilization” are pmUably influenced b\ 
differences in the mineral saturation of the rat hoclios, botli at the 
beginning and at the end of the experimental period. 

The larger amount of phosphorus in the fece.s of the rats on tlie 
phytin rations signifies the poor utilization of phytin phosphorus. 
That the calcium did not affect the utilization of phosphorus l>y form- 
ing calcium, phosphate is shown by the fact that with the same amount 
of ealeium and phosphorus available both the disodium phosphate i-ats 
and the lecithin rats retained the phosphorus as well in period II as in 
the basal period I and better than did the phytin rats in period IT. 
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DIHCUSSrON OP EESUl-TS 

Tlxe rats of all tiiree groups on the basal ration, period I, had 
approximately the same direct retention of calcium ami phosphorus. 
On the higher phosphorus rations, period II, the rats on the disodium 
phosphate ration and on the lecithin ration sliowed a higher direct 
retention of 67.2% of the dietary phosphorus, while tine rats on the 
phytin ration showed only 57.8% phosphorus retention. The corre- 
sponding calcium retentions for period II w'ere 50.2%', 45.4%, and 
36.9%, respectively. In terms of the Kinsman et al (’39) formula 
for “utilization”, the rats on the disodium phosphate ration .sliowed 
63.9%, those on the lecithin ration 69.2%, and those on the phytin 
ration 49.4% phosphorus utilization. The corre.sponding calcium utili- 
zations were 41.9%., 32.0%., and 16.1%, , respectively. 

On the higher phosphorus ration, period 1 V, the rats on the disodium 
phosphate ration showed a direct retention of 62.7%. and those on the 
phytin ration 61.7%) of phosphorus. The corresponding retentions for 
calcium wore 63.7%. and 56.0%-, respectively. The “utilizHlion” of 
disodium phosphate phosphorus was 45.0%. and of phytin phospliorus 
42.5%. The corresponding “utilizations” for calcium were 67.0%. and 
51.5%, respectively. The low" utilization of the extra disodium phos- 
phate phosphorus is attributed to a lower intukt* of calcium, for this 
ration, which made calcium the limiting element. The higher amount 
of phosphorus in the urine of the rats on the disodium i>hosphate ration 
is attributed to the use of jihosphorus to eliminate extra sodium. 

The percentage of phosphorus “utilized” from phytin is niueli loss 
than that directly retained. This percentage of “utilization” more 
nearly I’epresents the phytin phosphorus, whereas, the direct retention 
represents both the phosphorus of the basal j)art of the diet ami of 
the supplementary phytin. 

The “utilization” of calcium and of phosphorus VHrie<l much from 
rat to rat, which accounts for the large slamlard errors showji in 
table 2. These variations in “utilization” ai'c prolnibly iiillmmccci hy 
differences in the mineral saturation of the rat bodies, botli a( the 
beginning and at the end of the experimental jjeriod. 

The larger amount of phosphorus in the feces of the rats on the 
phytin i*ations signifies the poor utilization of phytin phos|)horus. 
That the calcium did not affect the utilization of phosphorus hy form- 
ing calcium phosphate is shown by the fact (hat with the same aniouid 
of calcium and pliosphorus available both the disodium phospiiate ruts 
and the lecithin rats retained the phosphorus as w^ell in period II as in 
the basal period I and better than did the phytin rats in period IT. 
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The higher average pH value of the intestmal eonteiits of the pliytin 
rats was associated with the higher average amount of phosphorus 
ill the feces of these rats. The fact that the calcium content of the 
feces of both groups of rats was about the same, whereas, the fecal 
phosphorus of the phytin group was the higher, suggests that the 
higher intestinal pH was not optimal for the activity of the enzyme 
phytase. This would tend to limit the amount of phytin phosphorus 
available for absorption. This effect would be in addition to and not 
in place of the well-known effect of pH on the solubility of calcium- 
phosphorus salts. The higher intestinal pH of the plntin rats is in 
agreement with the higher pH values for rats on a raehitogenic ration 
I’eported by Eaf?traan and Miller (’35). 

The detection of an enzyme, phytase, in the extratds of the intestinal 
wall in both groups of rats agrees with the findings of Patwardhan 
(’37). However, there was no correlation ladween enzyme activity 
and utilization of phytin phosphorus. Such a correlation would not 
necessarily exist since the utilization of phytin phosphorus would be 
affected by conditions other than the freeing of this pho.sphorua from 
its organic combination. 


SUMMARY 

The utilization of phytin, lecithin and disodium jdiosphate plios- 
phorus by growing albino rats was studied by means of balance experi- 
ments, efficiency of utilization being expressed as the diffei^ence in re- 
tention divided by the difference in intake. 

In one experiment disodinm phosphate phosphorus and crude soy 
bean lecithin phosphorus were utilized to the extent of 63.9% and 69.2%, 
respectively. Phytin phosphorus was utilized to the extent of 49.2%. 
The corresponding calcium utilizations were 41.9, 32.0, and 16.1%, 
respectively. 

In another experiment of longer duration the disodinm phosphate 
phosphorus was utilized to the extent of 45.0%, and the phytin phos- 
phorus to the extent of 42.5%. This low utilization of disodium phos- 
phate phosphorus was apparently due to a low' level of (‘alciiuu in the 
ration which made calcium the limiting element instead of pliosphorns. 
The corresponding calcium utilizations were 67.0 and 51.5%, respec- 
tively. 

The higher amount of phosphorus In the feces of tlie phytin rats 
apparently signified lower absorption. 

The pH values for intestinal contents of individual rats varied much, 
hut the average pH value, 6.60, for the phytin rats w’as higher than 
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that, 6.50, for the disodium phosphate rats. This higher average pH 
value for the intestinal contents of the phytin rats was associated with 
a lower utilization of phytin phosphorus. 

The intestinal wall extracts for both the disodium phosphate rats 
and the phytin rats showed the presence of a phytate-splitting enzyme. 
No correlation was found between the enzyme activity of the extracts 
and the utilization of phytin phosphorus. However, the pH of the 
intestine may influence the activity of the phytase. 
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METABOLIC CHAl^GES IN GEOIYING CHICKENS^ 


H. H. KIBLER AND SAMUEL BRODY 

Department of Dairy Husbandry^ Univcrmty of Mifisouri, Columbia 

TWO FIGURES 

(Eeceived for publication March 194:4) 


Tlie constancy of heat production iser unit surface area in mature 
animals is better known than is the variability of this ratio in growing 
animals. The sequence of metabolic changes that occur during- growth 
has not been determined in many species (for references see Ivibler 
and Brody, ’42) and the causal mechanisms Avhieh brmg about these 
changes have not been segregated. 

One approach to an analysis of these problems i.s a systematic study 
(daily measurements are necessary during the early stages of growth) 
of the changing metabolic levels in the same group of animals over 
the growing period. This paper reports such a study for the Rhode 
Island Red chicken, 

METHODS 

Volumetric measurements of oxygen consumption were made in- 
dividually on four male and four female birds with Reguault-Reiset 
type apparatus as previously used for measuring oxygen consumption 
in rats (Kibler and Brody, ’42). Windows in the chambers permitted 
the observation of activity, and as readings wmre taken every 10 min- 
utes for periods of 1 or more hours, observed activity could be elimi- 
nated from the results. After 2 months of age, oxygen consumption 
was measured after 24-hour fasts as well as after ad libitum feeding. 
Experimental temperatures were varied from 33°C- at hatching to 
27°C. at later ages. The females -were measured from hatching, July 
30, 1942, to August 26, 1943 (one was killed accidentally before the 
■end of the experiment). The males became too big for our larger 
apparatus -when 6 months old, and so their measurements were dis- 
continued at that time. 

The birds were kept in wire bottom cages in a basement laboratory 
which was maintained at 75° to 85°F. Auxiliary overhead heaters 
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permitted tlie chicks to partially control thcnr o%v3i environmental tem- 
perature by moving closer to or farther away from the heatmg Bonrce. 
After hatching thev were fed a standard ehick-startcr ration sui>ple- 
mented with buttermilk; this was followed by a growing mash ami 
grain supplement as they became oldei. 

ANALYSIS OF DATA 

Mitchell, Card, and Haines ('27), using the Haldane grammetnc 
method and working principally with the White Leghorn breed, meas- 
ured the basal metabolism of birds differing sufficiently in age to permit 
these authors to conclude that the metabolism per unit of body surface 
is distinctly below the adult level at hatching, rises rapidly to a imixi- 
mum between 30 to 40 days of age and then decreases again to adult 

level at about 70 to 80 days of age. 

Our measurements on the growing rat (’42) suggested the possi- 
bility of correlating changes in metabolism per unit surface with per- 
centage changes in normal growth rate. For onr purpose, theretore 
it seemed more desirable to measure the metabolic dianges associated 
with age ill the same “normally” fe<l chickens rather than to measure 
the metabolisHi of fuvsted birds of diffi^reiit ages, Aeeordiii^ly, all oiir 
measurements during the first 2 critical months after hatching w;ere 
made on non-fasted chicks at rest at a temperature ot thermoneut i ality. 

The non-fasting heat production per sqnare meter per day during 
this critical period increased from about 750 Cal. at hatching to a 
maximum of 1,250 to 1,300 Cal. at 4 to 5 weeks of age, and then deerea.sed 
to about 900 Cal. at 8 weeks (upper left-hand section of fig. 1). A 
value of 920 Cal. (same section of figure) -was reported by Mitchell et al. 
(’27) as an average basal value for 55-day-old chicks of this breed. 

The metabolism per unit surface in the older birds became relatively 
stable as shown by the 24-hour fasting and non-fasting curves (light 
hand section, fig. 1). Intermittent egg production apparently caused 
some irregularity in tlie data for the females. Thu iiigh values for 
the large males are probably due, iu part, to the fact tliat llu'V bceame 
too large to he comfortable in the chambers of onr apparatus. How- 
ever, Mitchell and Haines (’27) also obtained Jiiglier basal values in 
the males than in the females of this breed. Their average basal values 
for mature gi'oups of each sex are plotted in the loi\ei light-hand s('<~ 
tion (fig. 1). 

When plotted against age, sex differences in metabolism per unit 
of surface area are minor (upper left-hand section, fig. 1), but when 
plotted against body weight (lower left-hand section, fig. 1) sex differ- 
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Pig. 1 Metabolism per unit surface area as a function of age (upper section) and of 
weight (lower section). In addition to our curves, scattered basal data from the literature 
(Mitchell et ah, ^27) were averaged into three points and plotted for comparison as follows: 
the open rectangle represents mature females, the solid rectangle mature males, and the K, 
55-day-old chicks (sex not recorded). Light dotted curves representing growth rate per unit 
surface area are likewise plotted in the left-hand section and attention is called to the 
apparent parallelism between these curves and the corresponding curves for heat production 
per unit of surface area. 

enees are quite evident, the females attaining maximum heat produc- 
tion per square meter of surface at 150 gm, and the males at 300 g-m. 

When total metabolism is plotted against body weight on logarithmic 
paper (fig, 2), the data appear to he distributed in three segments 
corresponding to the rising, the declining, and the mature stages of 
figure 1. , 

To each of these segments, the equation Y = aX*' was fitted to relate 
total metabolism to body weight. The slope of each fitted curve, or 
the value of exponent b, measxires the relative or percentage rate of 
increase in luetaholism Y as compared to that in body weight X. Sta- 
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tustical constants are tabulated in the upper lelt-haud eurao .1 li.u| .. 
Eho represents the correlation coefficient a)id h„ represents the slan l- 
ard eiTor of estimate. Two-thirds of the plotted md.vnlual measure- 
ments for each equation are included bot\yeen plus and unmis ku- 
In the segment representing the age period, hatching to .) 
slope b approximately 1.00, meaning that the percentage rate nt 
increase in metabolism is as rapid as that m bwly weight at ain time 
during this period, or that metabolism is directly proportional to boih 

dtiriiiiT tills poriod* it 

In the final stage (2 mouths of age and o%'er) the meiabolism m- 

ereased at a somewhat lower rate relative to l.ody weight ; slope 


approximate age, days 



Fig 2 Metabolism as a fuuetUm of body weight (iudivirtual data plotted on logaritlmm! 
paper) with ago estimated (upper axis). The 24-h<.iu- fasting data are .dnnvn iu insert. 
Equations and statistical constants (obtained by the inetbod of least squares t are tabulated 
for the various stages of growth. Equation IX for mature animals of different siwcies is 
taken from Brody, Procter, and Ashworth (>34) and the solid triangle, circle, and rectangle 
represent, respectively, 55-day-old chicks (ses not recorded), mature females, and mature 
males from Mitebell et al. (^27), 
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b = 0.97 in the rapidly growing males and 0.68 in the less rapidly 
growing females. For the 24-hour fasting data for this stage, b ~ 0.96 
for the males and 0.83 for the females. 

Between the initial and final stages there is a short interval, corre- 
sponding to the declining stage of figure 1, in which heat production 
increases very little with increasing body w^eight. The data during 
this period are somewhat erratic and the equations wliieh w^e fitted 
as a matter of routine have low, though significant, coefficients of corre- 
lation (see values of rho in upper left-hand corner of fig. 2). We do 
not, therefore, attach much significance to the numerical value 0.2 
which wn calculated for slope b. 

As a matter of fact, we do not attach very great biological significance 
to the exact mmiereial values of slope b wiiieh we found for any of 
the stages, although the coefficients of correlation are quite high in 
most cases. Titus and Jull (’28) have pointed out the “great difficulty 
if not impossibility of setting up a normal growth curve” for all 
strains of a given breed of chickens and if, as w’^e have suggested, 
metabolic rate is correlated with growih rate, it is, perhaps, likewise 
impossible to set up a “normal” curve of metabolism for all growing 
Ehode Island Bed chickens. 

The position of curve IX (fig. 2) for basal metabolism of mature ani- 
mals of different species from Brody, Procter and Ashworth (’34) indi- 
cates that metabolism in chickens compared to that in mature animals 
of different species is high only during the period of rapid grow’th. 

The possible correlation of changes in percentage growth rate with 
changes in metabolism per unit surface (fig. 1) or with changes in 
slope b (fig. 2) could be discussed in detail as wms done in a previous 
report on the growing rat (’42), but a more understandable physical 
I’elationshiiD betwmeu heat production and growth rate may be derived 
by relating both heat production and growth rate to surface area. 

Assuming that rapid growdh rate is associated with high heat pro- 
duction, then the more rapid the growdh rate, the greater must be the 
rate of heat dissipation through each unit of sui-face. To test this 
hypothesis w'e, have computed (table 1) heat production in Calories 
per day per square meter and growth rate in grams per day per 
square meter. 

A comparison of the two eolums (table 1) indicates that both heat 
production in Calories per square meter per day and growth rate in 
grams per square meter per day are higher from the third to fifth 
weeks than at any other age. It is true that the males gained an average 
. of 25 gm. per day during the third month compared to a gain of 12.6 gm. 
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tistieal constants are tabulated in the upper loft-liaiul corner of figure 2. 
Rho represents the correlation coefficient and Hr represents the stand- 
ard error of estimate. Two-thirds of the plotted individual measure- 
ments for each equation are included between plus and minus Sr. 

In the segment representing the age period, hatching to 5 weeks, 
slope b is approximately 1.00, meaning that the percentage rate of 
increase in metabolisiu is as rapid as that in body weight at any time 
during this period, or that metabolism is directly proportional to body 
weight during this period. 

In the final stage (2 months of age and over) the metabolism in- 
creased at a somewhat lower rate relative to body weight; slope 


APPROXIMATE AGE, DAYS 

15 20 25 30 35 50 65 8090 100125 15017 S ^ 
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2D0 4oO 600 800 !0C» 
BODY WEIGHT, 6MS. 


2000 3000 


Fig. 2 Metabolism as a function of body weight (individual data plotted ou logaritluuie 
paper) with age estimated (upper axis). The 24-bour fasting data are ahou-n iu insert. 
Equations and statistical constants (obtained by the method of least squares) are tabulated 
for the various stages of growth. Equation IX for mature animals of difflereut species is 
taken from Brody, Procter, and Ashworth (’34) and the soUd triangle, circle, and rectangle 
represent, respectively, 65-day-oia chicks (sex not recorded), mature females, and mature 
males from Mitchell et al. (^27). 
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b~0.97 ill the rapidly growing males and 0.68 in the less rapidly 
growing females. For the 24-honr fasting data for this stag’6, b = 0.96 
for the males and 0.83 for the females. 

Between the initial and final stag-es there is a short interval, corre- 
sponding to the declining stage of figure 1, in which heat production 
increases very little with increasing body weight. The data during’ 
this period are somewhat erratic and the equations which we fitted 
as a matter of routine have low, though significant, coefficients of corre- 
lation (see values of rlio in upper left-hand corner of fig. 2). We do 
not, therefore, attach much significance to the numerical value 0.2 
which we calculated for slope b. 

As a matter of fact, we do not attach very great liiological significance 
to the exact numercial values of slope b which we found for any of 
the stages, although the coefficients of correlation are quite high in 
most eases. Titus and Jull (’28) have pointed out the “great difficulty 
if not impossibility of setting up a normal growth curve” for all 
strains of a given breed of chickens and if, as we have suggested, 
metabolic rate is correlated with growth rate, it is, perhaps, likewise 
impossible to set up a “normal” curve of metabolism for all growing 
Rhode Island Red chickens. 

The position of curve IX (fig. 2) for basal metabolism of mature ani- 
mals of different species from Brody, Procter and Ashworth ( ’34) indi- 
cates that metabolism in chickens compared to that in mature animals 
of different species is high only during the period of rapid growth. 

The possible correlation of changes in percentage growth rate with 
elianges in metabolism per unit surface (fig. 1) or with changes in 
slope b (fig. 2) could be discussed in detail as was done in a previous 
repoi’t on the growing rat (’42), but a more understandable physical 
relationship between heat production and growth rate may be derived 
by relating both heat production and growth rate to surface area. 

Assuming that rapid growth rate is associated with high heat pro- 
duction, then the more rapid the growth rate, the greater must be the 
rate of heat dissipation through each unit of surface. To test this 
hypothesis we. have computed (table 1) heat production in Calories 
per day per square meter and growth rate in grams per day per 
square meter. 

A comparison of the two colums (table 1) indicates that both heat 
]iroduction in Calories per square meter per day and growth rate in 
grams per square meter per day are higher from the third to fifth 
weeks than at any other age. It is true that the males gained an average 
. of 25 gm. per day during the third month compared to a gain of 12.6 gm. 
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per day during tlie tliii'd week, but per square meter of surface these 
gains amounted to 377 gm. per day in the third week compared to 
188 gm. per day in the third month. 

To further test the validity of our hypothesis that heat production 
per unit surface and growth rate per unit surface are related, we 

TABLE 1 

^ Growth and metabolism of Hhode Island lied chickens. 

(34-hoiir fasting data given on starred lines.) 


FEMADES 


MALiES 


aoe 


Average T)er ohieken 



Average per chicken 


PEiaOD 

No. 

obser“ 

vations 

Body 

AV eight 

per (lay 

Gal./ 
sq.m.- 
per day 

Gm./ 
8Q.m,“ 
per day 

No. 

obsor- 

vations 

Body 

weight 

Cal.i 
per day 

Cal/ 
sq.m,=^ 
per day 

Gm./ 
sq.m.- 
per day 

W eeh 











H-1 

19 

43 

S.8 

774 

62 

22 

48 

9.1 

740 

209 

1-2 

26 

54 

11.6 

862 

280 

28 

74 

16.1 

965 

346 

2-3 

22 

91 

20.4 

1056 

335 

26 

124 

26.0 

1086 

384 

3 — 4 

26 

152 

34.5 

1250 

375 

23 

201 

40.2 

1197 

377 

4-5 

21 

216 

43.8 

1240 

324 

21 

294 

58.2 

3328 

36S 

5-6 

14 

299 

51.2 

1155 

189 

16 

410 

65.9 

1191 

201 

6-7 

8 

351 

44.3 

893 

91 

12 

471 

61.5 

1009 

99 

7-8 

17 

392 

47.0 

877 

168 

21 

509 

60.3 

937 

141 

Month 











2-3 

16 

679 

78.8 

1001 

184 

13 

823 

85 

920 

191 

■"2-3 

16 

631 

59.4 

794 

. , , 

16 

728 

63 

866 


3-4 

14 

1152 

104 

913 

140 

14 

1436 

138 

1037 

188 

*3-4 

12 

1048 

83 

778 


18 

1300 

100 

806 


4r-5 

6 

1602 

142 

992 

70 

17 

2023 

190 

1125 

98 

"4-5 

9 

1479 

113 

834 


13 

1914 

163 

990 


5-6 

9 

1724 

139 

917 


9 

2580 

229 

1143 


"5-6 

3 

1319 

109 

872 


7 

2470 

185 

952 


6-7 

6 

1784 

156 

lOOS 







"6-7 

4 

1679 

134 

906 







7-8 

9 

1925 

149 

913 







"7-8 

9 

1822 

106 

674 







8-9 

9 

2126 

176 

1003 







"S-9 

4 

1864 

112 

705 







9-10 

7 

2054 

172 

1008 , 







"9-10 

8 

1944 

131 

798 







10-11 

5 

1878 

121 

755 







*10-11 

6 

ISIS 

99 

633 







11-12 

6 

3931 

161 

983 







"11-12 

6 

1835 

142 

865 







12-13 

4 

2260 

164 

897 







"12-13 

4 

2084 

113 

773 








^ The heat production was calculated on the assumption that 1 liter of oxjgen lias a heat 
equivalent of 4.9 Cal. for the fed ehiekens and 4.7 Cal. for the fasted chickens. 


® Surface area was computed from the equation^ surface area in sq. cm. = 8.19 (body weight 
in as determined for White Leghorn ehiekens ity Mitchell ( ’30). 
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plotted ill figure 1, left-liaiid section, the changes in g’rowth rate per 
square meter. The resulting inverted IT-shaped curves are similar to 
the curves for heat production per square meter, except that the gTowth 
curves pass through corresponding phases at slightly earlier ages and 
lower weights than the heat production curves. 

It might be inferred from our data, or from those of Mitchell et al. 
( ’27), that heat production per unit of surface is always at a maximum 
at 30 to 35 days after hatching. Such may or may not he the ease. If 
heat production is highest during most rapid growth, then maximum 
heat production per unit surface will occur early in accelerated early 
growth and late in accelerated late growth. Further metabolic measure- 
ments on two groups of chickens will be needed to determine this point. 

Maximum growth in weight per unit of surface certainly does not 
always occur at the same age. Titus and Jull (’28) reported weekly 
body weight data on two lots of Rhode Island Red chickens which 
received the same treatment and feed, with the one exception that lot 
2 had access to sour skim milk and water, while lot 1 received only 
water. They reported that feeding skim milk accelerated growth during 
the first 15 to 18 wmeks, but had no marked etfect on calculated mature 
weights. When we computed the gains per day per square meter made 
by their twm lots of chickens (computed separately for males and 
females in each lot), we found that the milk-fed lot made maximum 
gains from the second to sixth week, whereas the other lot made their 
greatest gains from the fifth to the ninth weeks. Our chicks Avere given 
buttermilk and grew as rapidly as their rapid growth lot up to 5 weeks, 
but did not grow so rapidly thereafter, especially during the seventh 
week. Our birds were heavier at all ages, however, than the slow 
gi’owth lot of Titus and Jull. 

Wliile, therefore, our analysis demonstrates an apparent parallelism 
betw^een metabolic rate and growdh rate, it does not segregate the 
nutritional, endocrine, and other causal mechanisms. For this purpose 
it would be helpful to determine the degree of parallelism between the 
grow’th rate and metabolic rate of several groups timed to reach their 
maximal growth rates at different ages. 

SUMMAKY 

Data are reported on oxygen consumption in relation to body weight, 
age, and surface area of Rhode Island Red chickens from hatching to 
6 months of age in males and to 18 months of age in females. 

Attention is directed to an apparent parallelism during the first 
2 months after hatching, betwmen metabolism per day, expressed in 
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Calories per square meter, and growth per day, expressed in grams per 
square meter. The resting but non-fasting heat production at thermo- 
neutrality increased during this critical period from about 750 Cal. 
at hatching to a maximum of 1,250 to 1,300 I'al. at about 30 days, and 
thereafter decreased to 900 Cal. at 60 days. Daily growth rate per 
square meter similarly increased to a maximum of approximately 
370 gm. at about 25 days, and thereafter decreased. 

After 2 months of age, the non-fasting heat pi’oduction in the females 
averaged about 900 Cal. as compared to 750 Cal. after 24-hour fasts. 
Higher values were obtained for the males. 
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Jii‘ parimeni of Biochemistry^ College of Agrieultur€f 
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(Boeeivetl for pii])Jication ilMai'eli 2, 1944) 

In previous publications, Mclntire et al. ('43a), Scliweigert et al. 
(’43), Schweig-ert et al. (’43a) and Mclntire et al. (’43), tlie vitamin 
content of pork, veal and lamb bas been studied. Due to the increasing 
use of variety meats during tlie present emerg-ency it is important 
to Lave a knowledge of their vitamin content. The results of the vita- 
min analyses of a selected group of these meats are reported in this 
paper. 

EXPERIMENT.4.L 

The meats were obtained from local markets and prepared immedi- 
ately for vitamin analyses and cooking tests. All samples were ground 
in an electric meat grinder and mixed thoroughly preparatory to 
vitandn assays. The samples that were used for cooking were prepared 
as follow's: Frankfurters and pork links w'ere obtained in pairs; one 
link from each pair was used for fresh analysis and one was retained 
for cooking tests. Canadian bacon and liver were prepared by slicing, 
and alternate pieces were taken for fresh and cooked samples. Bologaia 
and veal hearts were cut into halves and alternate halves were taken 
for fresh and cooked samples; the halves to be cooked were sewed 
tightly together. Three baby beef hearts were taken from animals 
from a. herd of the same age and breed. Two of the hearts were cut 
into halves and alternate halves were used for fresh and cooked 
samples; two halves were sewed together before cooking. The thii'd 
heart was cooked wdiole to compare wdth the paired sample. The three 
tongues were prepared in the same manner. 

All cooking tests were carried out under standard conditions accord- 
ing to Meat and Meat Cookery (’42). Fyankfurters were boiled for 
8 minutes ; the bologna was boiled for 20 minutes and the twm tongues 
were boiled for 3 hours 21 minutes and 2 hours 44 minutes respectively. 

^ Published with the approval of the Director of the Wisconsin Agrieultiiral Experiment 
Station. Supported in jiart by a grant from the National Live Stocis and Meat Board made 
through tho National Besoarch CouneiL 
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Pork links were broiled for 17 minutes ; Canadian bacon was broiled 
for 11 minutes ; baby beef liver was broiled for 14 minutes. Beef liver 
and veal heart were braised for 38 minutes and 2 hours 50 minutes, 
respectively, and the two beef hearts were braised for 5 hours 12 
minutes and 5 hours 30 minutes, respectively. The drippings of all 
cooked meats except for boiled frankfurters and bologna were retained 
for analysis. 

The thiamine determinations were made according to the method 
of Hennessy (’42) with modifications by Meintire et al. (’43a). The 
nicotinic acid was determined by the method of Snell and Wright (’41) 
with modifications by Krehl et al. (’43) after extraction with 4% 
NaOH. Both fluorometric and microbiological methods were employed 

TABLE 1 


Comparison> of methotls for nhoflavin determination. 


MEAT 

B'hUOROMETRIC 

ANATiYSlS 

M rOROBlO LOOICA h 


1110,/ 100 gm. 

11 ( 0. / 100 gm. 

Bologna (fresh) 

,21 

,21 

Bologna (boiled) 

.22 

.20 

Frankfurters (fresh) 

.17 

.17 

Frankfurters (boiled) 

.16 

.16 

Fork links (fresh) 

.15 

.15 

Fork links (broiled) 

.21 

.24 

Baby beef liver (fresh) 

2.45 

2.40 

Baby beef liver (broiled) 

3.43 

3.03 

Beef liver (fresh) 

3.39 

3.10. 

Beef liver (braised) 

4.47 

4.33 

Yeal heart (braised) 

1.15 

1.15 

Canadian baeon (fresh) 

.17 

.19 

Canadian bacon (braised) 

.25 

.24 


for the determination of riboflavin. All of the riboflavin determinations 
were made by the fluorometric method after values were found to agree 
with those obtained by the microbiological method (table 1). The. 
microbiological method was that of Snell and Strong ( ’39) with modifi- 
cations in extraction and digestion (Strong and Carpenter, ’42; Me- 
intire et ah, ’43). The fluorometric method was that of Connor and 
Straub (’41), modified by Andrews (’43). 

All analyses were made on the undried cooked and uneopked meat. 
The values for all of the samples assayed are shown in table 2. Beten- 
tion of the vitamins in the meat was determined by the difference in 
the total vitamin content in a piece of meat before and after cooking. 
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Total retention represents tlie difference in the total vitamin content 
of the fresh meat and the cooked meat plus the drippings. The per- 
centage of the vitamins retained after cooking- is shown in table 3. 

TABLE 2 

Vitamin content of meats. 

All valves in milligrams per 100 gm. of iindried meat. 


.MEAT 

THIAaClNK 

II mo- 
PhAVlN’ 

NfCO- 

TIKTO 

ACID 

hfBAT 

Tlir AMINE 

aiBo- 

FEAVEN 

NICO- 

TINIC 

ACID 

Damn 




Oxtail 

.07 

.16 

2.8 


.19 

.10 

.8 

Lamb shank 

.14 

.18 

4.5 

Caiiadian ^ 

.fj7 

.18 

2.8 

Liver 




Broiled ^ 

.74 

.24 

4.1 

Baby beef ^ 

.19 

2,43 

16.9 

Bologna 




Broiled ^ 

.19 

3.29 

19.2 


.32 

.39 

3.3 

Beef ^ 

.23 

3.32 

13.5 

t 

.30 

.21 

2.8 

Braised ^ 

.19 

4.42 

13.6 

Boiled ^ 

.29 

,21 

2.5 

Heart 




F ranlifurters 




Lamb 

.45 

.74 

6.3 


.21 

.31 

2.7 

Veal 

.70 

1.00 

7.0 

t 

.25 

.17 

2,6 

1 

.50 

LIO 

6.6 

5.7 

Boiled ^ 

.24 

.16 

2.4 

Braised ^ 

.20 

1.15 

Sausage 




Baby beef ^ 

.40 

.76 

4.5 

Summer 

.4(1 

.36 

4,1 

Braised ^ 

.11 

.92 

3.7 

Liv(‘r 

.20 

1.30 

5,7 

Braised ^ 

.16 

.91 

3.6 

Salami 

.25 

.21 

2,9 

Tongue 




Linl's 




Baby beef ^ 

.16 

.28 

3.9 

Pork ^ 

.40 

.15 

2.3 

Boiled ^ 

.05 

.29 

2.6 

Broiled ^ 

.50 

2'-» 

3.0 

Boiled ^ 

.05 

.27 

2.8 

Tripe 


.15 

1.6 

Beef 




Head clieeae 

,08 

.12 

1.1 

Corned 

.05 

.10 

1.7 

Haiidwieli meat 

.43 

.18 

3.6 

Tenderloin 

.15 

.35 

3.5 


^ Hainplcs ii«ed for cooking tests. 


TABLE 3 


Vitamin retention after coo'Icing. 


MEAT 

Mobia OP 
COOKING 

WEIGHT 

UETENTION 

THIAMINE 

DETENTION 

RIBOFLAVIN 

RETENTION 

NICOTINIC 

ACID RETENTION 

Meat 

Total 

Meat 

Total 

Meat 

Total 



Vr 

% 

% 

% 

^0 

% 

% 

Bologna 

1 Boiled 

100 

97 1 

. . 

98 


89 


Frankfurters 

Boiled 

101 

97 

. . 

98 


92 


Pork links 

Broiled 

60 

75 

87 

83 

90 

78 

92 

OanaOian bacon 

Broiled 

: 63 

94 

98 

88 

^ 92 

94 

98 

Baby beef liver 

^ Broiled 

! 75 

77 

91 

1 101 

108 

85 

100 

Beef liver 

Braised 

69 

58 

84 

1 92 

1 109 

70 

98 

Veal heart { 

Braised 

^ 69 

25 

41 

74 

99 

60 

95 

Baby beef heart 

Braised 

1 63 

22 

31 

76 

96 

51 

82 

Tongue ; 

Boiled i 

! 80 

24 

' 33 

79 

100 

55 

92 
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DISCUSSION 

The variety meats may be important sources of vitamins. Canadian 
bacon, summer sausage, and sandwich meat contain larg’er amounts 
of thiamiae than fresh beef, veal or lamb but smaller amounts than 
fresh pork. Corned beef ■was the poorest source of thiamine; this is 
to be expected due to the source and processing’. Of the fresh organ 
meats studied heart was found to be the richest in thiamine. Two veal 
hearts contained 0.7 and 0.56 mg’, of thiamine per 100 g’m. respectively ; 
lamb heart 0.45 mg. ; and baby beef heart 0.4 mg. per 100 gm. Liver 
and tongue contained about the same amount of thiamine as muscle 
meat. Beef liver contained 0.23 mg.; baby beef liver 0.19 mg., and 
baby beef tongue 0.16 mg. per 100 gm. These values are in good agree- 
ment with those reported by Oheldelin and Williams (’42), namely, 
0.26 mg. of thiamine per 100 gm. of beef liver and 0.44 mg. per 100 
gm. of beef heart. 

Liver sausage contains nearly 3 or 4 times as much riboflavin as 
anj’' of the other prepared meats. This is undoubtedly due to the 
high liver content. The other prepared meats fall in the same range 
as fresh muscle meats ; corned beef contained the least riboflavin. 

In the studies on the organ meats liver was found to be the best 
source of riboflavin. Beef liver contained 3.3 mg. and baby beef liver 
2.4 mg. per 100 g’m. of meat. Heart was a good source of riboflavin ; 
veal heart contained 1.1 mg. per 100 gm. and baby beef heart contained 
0.76 mg. per 100 gm. The riboflavin content of tongue was 0.28 mg. 
per 100 gm. These values are in agreement with those reported in 
the literature. Cheldelin and Williams (’42) repoi'ted 2.8 mg. per 100 
gm. of fresh liver and 0.88 mg. per 100 gm. of beef heart. Waisman 
and Elvehjem (’41) reported 0.76-1.0 mg. of riboflavin per 100 gm. 
of beef heart and 2.1 and 3.7 mg. per 100 gm. of beef flver, and 0.22 mg. 
of riboflavin per lOO gm. of beef tongue. 

The nicotinic acid contents of the prepared meats and fresh muscle 
meat are about the same. Liver was richer than any of the organ meats 
in nicotinic acid. Baby beef liver contained 16.9 mg. per 100 gm. of 
meat and beef liver contained 13.5 mg. Heart -wag lower, but it is also 
a good source of nicotinic acid. Lamb, veal and baby beef heart con- 
tained 6.3, 7.0, and 4.5 mg. of nicotinic acid per 100 gm. of meat. Our 
values for nicotinic acid generally agree ,with those reported by other 
workers. Hann and Handler ( ’42) reported 5.8 to 7.7 mg. of nicotinic 
acid per 100 gm. of lamb heart and 11.5 to 15.6 mg. of nicotinic acid 
per 100 gm. of veal liver. Cheldelin and Williams ( ’42) reported 12.0 
mg. per 100 gm, of beef liver. Waisman and Elvehjem (’41) reported 
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13.2 mg-, of nicotinic acid per 100 gm. of veal liver, 4.9 mg. per 100 gm. 
of beef heart and 8.5 and 11.0 mg. per 100 gm. of beef liver. 

Considerable variation in the retention of the vitamins during cook- 
ing was obtained. This may be attributed to the type of cookery, the 
size and kind of meat and the length of time necessary for cooking. 
To illustrate tlie effect of time and kind of meat on vitamin retention, 
bologna, frankfurters, and tongue were boiled. The frankfurters and 
bologna were in the cooking water 8 and 20 minutes, respectively, and 
negligible vitamin loss occurred. However, tongues that were cooked 
between 2 and 4 hours retained only 24% of the thiamine in the meat 
and only 33% total retention was observed. The fact that only 55% 
of the nicotinic acid remained in the meat whereas 37 % was recovered 
in the drippings illustrates the degree of leaching that occurs under such 
cooking conditions. Similar results during stewing of veal and lamb 
have been obtained by Mclntire et ah, ’43. 

We have previously reported that broiling meat results in higher 
retention of the thiamine than any other type of cookery studied. 
This was found to be the case in the present investigation. Pork links, 
Canadian bacon, and baby beef liver after broiling retained 75, 94 
and 77 % of the thiamine in the meat, respectively. On the other hand, 
when beef liver, veal heart and baby beef heart were braised, 56, 25 
and 22% of the thiamine, respectively, were retained, the very low 
retention of thiandne in the hearts may be accounted for by the length 
of time required for cooking. 

Similarly there was a higher retention of riboflavin and nicotinic 
acid in the meat after broiling than after braising, but, in every case 
except one, over 90% of these vitamins was recovered in the meat and 
drippings. 

It should be pointed out that uniform sampling of single organs 
such as heart and tongue is extremely ditficult. By cutting these organs 
in half and sewing the halves together for cooking tests a fair sample 
was obtained. For comparison a whole organ which was taken from an 
animal of the same breed, age and nutritional background gave similar 
results. This, however, should not be taken as an indication that organs 
, from different animals have the same vitamin content in every case. 

SUMMARY 

The thiamine, riboflavin and nicotinic acid content of a variety of 
meats has been determined. 

Prepared meats were found to be a good source of these vitamins ; 
they contain about the same amounts as fresh muscle meats. 
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Eetention of these vitamins in some of the meats was studied during 
broiling, braising- and boiling. 

Greater amounts of all the vitamins were retained in the meat after 
broiling than after braising. 

In the ease of boiling the vitamin retention in the meat was dependent 
on the cooking time. 

Broiling favored a higher total retention of thiamine than did brais- 
ing. 

In nearly every case over 90% of the nicotinic acid and riboflavin 
was recovered in the meat and drippings. 
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(Reeoivpd for imblicatioii Jaiiuarj -f), 1944} 


Increased interest lias recently developed in the nutritive value of 
plant proteins that may serve in the diet to extend and partially re- 
place proteins of animal origin, particularly those of meat, milk, and 
eggs. Soybeans, peanuts, and cottonseed offer excellent possibilities 
for supplying in large quantities proteins having superior nutritive 
value and which are suitable for use as human food in a variety of 
ways. Heat jirocessed soybean flour and grits for human consumption 
are being produced in large quantities. Peanut and cottonseed flours 
in limited amounts are also available. 

Numerous investigations have been conducted on the nutritive value 
of soybean proteins. Mendel and Pine ( ’12) found that soybean 
nitrogen was well utilized by men and dogs. Later, Osborne and 
Mendel (’17a) showed that the proteins of soybean meal supported 
“noi’mal growth” of rats, provided that the meal had been ade- 
quately heated with water. Eaw meal enabled the animals to grow 
at a comparatively slow rate. Heating the meal in an electric oven 
at 110° C. for 4 hours, however, caused no considerable improvement. 
More recently, others (Wilgus, Norris, and Heuser, ’36; Hayward, 
Steenbock, and Bohstedt, ’36a, b; Shrewsbury and Vestal, ’37; John- 
son, Parsons, and Steenbock, ’39) have shown that the proteins of 
heat-treated soybeans have a high nutritive value. Soybean proteins 
have also been found to be an effective supplement to the proteins 
of wheat flour (Johns and Pinks, ’21; Johns, Pinks, and Jones, ’23; 
Daniels and Nichols, ’17). 

Studies on the nutritive value of the proteins of peanuts (Johns 
and Pinks, ’20; Eddy and Eckman, ’23; Daniels and Loughlin, ’18) 

preliminary report of tliis investigation was given at the 22nd Aiimial Convention of 
the American Soybean Association. Purdne University, September 15-17, 1942. 
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have shown tliat the peanut also contains proteins of high quality and 
are valuable supplements to cereal proteins. 

Cottonseed meal has been highly esteemed for many years as a pro- 
tein concentrate for livestock feeding. The nutritive value of the 
proteins of cottonseed was studied by Osborne and Mendel (’17b). 
They state that their results leave “no doubt as to the adequacy of 
the proteins of the cottonseed meal or flour for the growth of rats.” 
Eecently, Zucker and Zueker (’43) have showui that cottonseed and 
also peanut and soybean are sources of high quality protein. 

Most of the studies that have been made heretofore on the nutritive 
value of the proteins of oilseeds have been made on the seeds them- 
selves, on products prepared for animal feeding or on specially pre- 
pared fractions. There are now available flours made from soybeans, 
peanuts, and cottonseed specially prepared for human use. It seemed 
desirable, therefore, to investigate the nutritive value of these products 
which may be used extensively in our dietaries and to determine how 
effectively their proteins supplement the proteins of wheat flour. 
There is at present no absolute value that can be assigned to the 
nutritive value of a protein and it is, therefore, necessary to make a 
comparison with products such as milk and casein, which have been 
studied extensively and are known to have high nutritive value. 

EXPEKIMENTAL 

The products which served as sources of protein in these studies 
were as follows: A commercially prepared casein, spray-process skim 
milk powMer containing 37.2% protein and 0.8% fat, a blend of two 
varieties of soft wheat containing 12.42% protein, commercially milled 
flour from the same wheat containing 10.60% protein, commercial soy- 
bean, peanut, and cottonseed flours made by the expeller process. These 
products contained, respectively, 49.68, 50.94, and 45.05% protein and 
5.72, 8.11, and 15.4% fat. 

All diets contained 2% cod liver oil and 4% salt mixture (Osborne 
and Mendel, ’19). The remainder of each of the diets consisted of a 
combination of either one or more of the protein sources enumei’ated 
above together with sufficient corn oil to adjust the total fat content 
of the diet to 8%, and sufficient dextrinized cornstarch to adjust the 
protein content to either 9.1 or 15%.^ The dextrinized cornstarch 
carried a vitamin mixture which provided in each 100 gm. of diet 

* The following eonYersion factors were used in calculating the amounts of protein in the 
materials from their nitrogen content: wheat flour, 5.70; whole wheat, 5,83; peanut, .5.46; 
soybean, 5.71; eottonseed, 5.30; casein and laetnlbumin, 6.38; PCS, .5.40 (Jones, '31). 
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thiamine hydrochloride 0.2 mg., pyridosine hydrochloride 0.2 mg., 
riboflavin 0.3 mg., calcium pantothenate 0.3 mg'., niacin 1 mg., and 
choline hydrochloride 10 mg. These idtamins were added to a portion 
of the dextrinizod constarch in an aqueous solution and the product was 
dried at 50° C. 

The data presented represent results obtained wdth thirty-one lots 
of albino rats comparable in all respects. Each lot consisted of twelve 
animals equally divided wdth respect to sex and having initial weights 
of 55 to 60 gm. They were housed in individual cages having wide mesh 
screen bottoms kept in rooms maintained at 76°F. (±: 3°P.) and with 
about 55% relative humidity. The animals were weighed twice weekly 
and the diets were fed ad libitum. Enough of the stock flour mixtures 
were prepared to last throughout the 6-week feeding periods. Fresh 
diets were prepared weekly, usually in kilogram quantities, by in- 
corporating into the stock flour mixtures the other non-protein dietary 
ingredients. 

The first series of experiments was designed to show the growth- 
promoting values of the proteins of the products selected. In view of 
possible supplementary effects between the proteins of the three oil- 
seeds a mixture (PCS) of equal parts of peanut, cottonseed, and soy- 
bean flours was also fed. The lo\v protein level of 9.1% was used for 
comparative purposes because it was the maximum that could have 
been introduced into the diet by the wheat flour and still leave room 
for the non-protein ingredients. 

A second series of experiments was conducted to ascertain the 
protein supplementary effect of adding the oilseed flours to wheat 
flour. For this purpose, sixteen lots of rats were fed diets containing 
mixtures of the supplements and wheat flour in the proportions of 
5, 10, and 15 parts to 95, 90, and 85 parts, respectively. 

Besides the three oilseed flours used separately, a mixture (PCS) 
consisting of equal parts of the oilseed flours was similarly used as 
a supplement to the w’heat flour. Skim milk powder was also included 
for comparison. 


KESULTS AND DISCUSSION 

Comparative groivtJi-promoting values 

The proteins of wheat flour were found to have comparatively low 
nutritive value (table 1). This is in accord with results previously 
obtained by other workers and with what is known regarding the 
amino acid deficiencies of wheat endosperm proteins. The proteins of 
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wliole wheat pi'omoted weight gains nearly twice those obtained with 
the patent flour. 

At the same protein level (9.1%) the animals fed the .soybean and 
cottonseed diets gained approximately 4-1- times as much as those fed 
the wheat flour diet. Tlie somewhat lower gains obtained with peanut 
flour amounted, however, to 4 times those .supported by wheat flour. 

TABLE 1 


CompaTatim gmivtli-promoUng mUts of the proteins of peanut fionr, cotUmseed flour^ 
so glean fioiir, patent wheat flour, whole wheat, slim mill' powder, and ease hi. 
(Duration of feeding tests — i:? dags). 
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1 
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floui’ 

269 

H6 (30-45) 1 
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‘ 342 



. . . 

Peanut flour 

271 ‘ 

75 (57-121) 

1 1.95 ' 

419 1 

302 

158 (97-222) : 1.81 

584 

Cottonseed 
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flour 

270 

85 (70-97) ^ 

2.05 

455 i 

303 

138 (92--ily) j l.«7 

552 

Soybean flour 

288 

87 (51-115) 1 

2.35 

408 

304 

1.37 (70-190) ' 1.71 

537 

P.C.S.^ 

298 

84 (63-177) 

2.22 

415 

312 

145 (87-180) : 1.81 

532 

Skhn luilk 





308 

! 

1 

powder 

B07 

141 (97-193) 

2.78 

560 

316 

155 (07-20S) 1 1.95 

52S 

Casein 

205 

100 (90-111) 

2.34 

i 470 

305 

17.3 (12.S-230) i 1.99 

579 


^Mixture of equal parts of peanut, cottonseed, and soybean flours. The figures in parentheses 
indicate the ranges of "weight increases. 


The results obtained with the mixture (PCS) of the three oilseed 
flours when compared with each one separately do not clearly indicate 
supplementary relationships among them. Tliis mixture supplied pro- 
tein having aliout the same growth value as that of soybean or cotton- 
seed flour, but considerably higher than that of pteannt flour. 

At the 9.1% protein level skim milk powder and casein proved 
superior to the oilseed flours either on the basis of weight increase 
of the animals or on the gain in weight per gram of protein consumed. 

Table 1 also shows the results obtained when the protein materials 
(with the exception of the wheat flour and whole ground wheat) were 
similarly fed at a 15% protein level in the diet. A comparison of the 
weight gains obtained when the diets supplied 15% protein with those 
obtained at the lower level brings out some interesting contrasts. With 
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9% protein in the diet, the average gain in weiglit of the animals fed 
peanut tiour was 75 gm., the lowest obtained w'ith the oilseed flours. 
At the higher protein level the corresponding weight gain was 158 gm., 
amounting to an increase of over 100% of that obtained at the 9% 
level and which placed peanut protein in the lead of the other oilseeds. 
Soybean flour at 9%^ protein level with a weight gain vahie of 87 gni. 
showed a higher value than peanut flour, but at the 15% level the 
reverse was true. 

Quite different results were obtained with the milk proteins when 
fed at the two levels. , With skim milk powder at a 9% protein level 
the animals gained 141 gm. However, when fed at a 15% protein level, 
the inci-ease in weight-gain was only about 6% above that obtained at 
the lower level and not much higher than that obtained with peanut 
(lour at the same pi'otein level. Casein, on the other hand, proved to 
be much more efficient at 15% than at a 9% level. 

The high value found for skim milk powder when fed at the lower 
protein level in the diet indicates its superior nutritional quality, and 
that at the lower level it was supplying almost enough of all the 
essential amino acids to meet the growth requirements of the young 
animals, since there was not much increase in weight gain when the 
protein level was increased to 15%. Casein, on the other hand, showed 
a much greater growth value at the higher than at the lower levels. 
It is now known through numerous studies that casein is deficient in 
cystine, an observation first made by Osborne and iffendel (’15) nearly 
.80 years ago. 

Proteins of the oilseeds and. iiiilh as supplements to 
ivheat flour proteins 

The data given in table 2 show that the comparative effectiveness 
of the different supplements tested here varies with the proportions in 
which they are added to the wheat flour. 

Wien mixed vdth wheat flour in the proportions of 5 to 95 parts 
soybean flour has a higher supplementary value than peanut flour or 
cottonseed flour, and has about the same value as that of the mixture 
of the three oilseeds (PCS), but is inferior to that of skim milk pow- 
der. It is of interest to note that soybean flour has about the same 
value as that of ground wheat alone at the same protein level in the 
diet (table 1), and twice the value of wheat flour alone. 

In a mixture consisting of 10 parts of the supplement and 90 parts 
of wheat flour, soybean flour showed practically the same supple- 
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mentaiy value as skim milk powdei', and produced weigiit increases 
4 times that of the wheat flour alone. 

A mixture of 15 parts of soybean flour and 85 parts of wheat flour 
showed a growth-promoting value exceeding that obtained with a mix- 
ture of skim milk powder and wheat flour in the same proportions 
(15:85). These results indicate that the most economical use of skim 
milk powder as a supplement to wheat flour can be made when it i.s 
mixed with the latter in a proportion not much greater than 10%. 
Although a somewiiat higher value was obtained with 15 parts in the 
mixture, the point of diminishing return apparently begins w^hen the 
proportion of skim milk powder to wheat flour is not far from 10 
to 90 parts. 

TABLE 2 

Groioth'pmnoiing values of the -proteins of soybean flour, peanut flour. vntfonsee^J 
flour, and ski-m mdlh powder as supplements to the proteins of 
patent wheat flour. (All the diets contained 9.1% protein.) 

(Duration of feeding tests — 42 daps.) 
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321 
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mixture of equal iiaxts of peaiuitj cottonseed, and soybean fiours. The figures in 
parentheses indicate the ranges of "wheat increases. 


The data given in table 2 show the snpplementary protein values of 
equal amounts of the oilseed flonrs and sMm milk jiow’der when mixed 
with wheat flour. Because of the differences in protein content of the 
supplementing materials fed, the figures do not strictly represent values 
for equal amounts of protein, but rather for equal amounts of the 
materials. For instance, in the diet containing a mixture of 5 parts 
of peanut flour and 95 parts of wheat flour, the peanut flour contributed 
1.8% of protein and the wdioat flour 7.3%, On the other hand, the same 
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amount of skim milk powder similarly used, supplied 1.4% protein 
and the wheat flour supplied 7.7%. It is believed that for praotical 
purposes the comparative values will prove more useful when based 
on tlie amounts of the supplements used than on the amounts of the 
proteins supplied by the supplements. 

Mixtures produced by addition of as little as 5 parts of cottonseed, 
peanut or soybean flour to 95 parts of wheat flour contained 16 to 19% 
more protein than the wheat flour alone and had a very definitely 
greater growth-promoting value of the protein. 

Because of their high content of good quality protein, soybeans, 
peanuts, and cottonseed offer an economical means of supplying dietary 
protein especially in times of scarcity of protein of animal sources. 
In some respects these plant proteins compare favorably with milk 
proteins, which are generally regarded as among the best. They are 
well adapted to enhance the nutritional value of the proteins of wheat 
by supplementation. 

An attempt to correlate with their amino acid composition either 
the growth-promoting values of the oilseeds or their values as supple- 
ments to the proteins of wheat flour is not very satisfactory because 
there are not sufficiently adequate data available on the amino acid 
content of protein foods. Most of the data available on amino acid 
comiiosition were obtained on isolated proteins. Consequently, the 
values do not represent the foods as a whole from which the proteins 
were isolated. Furthermore, these values for the isolated proteins are 
too low in many eases because of unavoidable losses involved in their 
recovery from the protein hydrolysates. Methods for determining- 
amino acids in foods without isolating the proteins are largely in 
the tentative stage. 

It is generally recognized, however, that lysine is an outstanding- 
amino acid deficiency in wheat flour. Available data leave little doubt 
that the proteins of the oilseed flours contain sufficient lysine to com- 
pensate for its deficiency in wheat flour. It also appears that wheat 
flour is low in threonine and valine as compared with soybean and 
cottonseed flours. Arachin, the preponderant protein in peanuts, is 
well known to be deficient in methionine (Beach and 'Miite, ’37), 
although the total proteins of peanuts supply a satisfaetoi-y amount of 
this amino acid. Compared with wheat flour, soybeans and cottonseed 
are low in methionine. Almquist, Mecchi, Kratzer, and Grau (’42) 
showed by feeding experiments with chicks that the prmcipal growth- 
limiting deficiency in ra-w soybean protein is that of methionine, and 
that heated soybean protein is slightly deficient in this amino acid for 
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the chick at a 20% protein level in the diet. Hayward and Hafner 
(’41) also found that for rats and chicks the proteins of raw soybeans 
were deficient in available methionine as well as cystine. 

SUMMARY 

The growth-promoting values of the proteins of soybean, peanut, 
and cottonseed flours were compared by the rat-gi’owth method, and 
also their values as supplements to the pi'oteins of wheat flour. 

Soybean, peanut, and cottonseed flours contain proteins of high 
nutritive value and offer an excellent means of supplying dietary pro- 
tein to extend and partially replace protein foods of animal origin. 

These plant proteins are well adapted to enhance the nutritive value 
of the proteins of wheat flour. The addition of as little as 5 parts 
of peanut, soybean or cottonseed flour to 95 parts of wheat flour pro- 
duced mixtures containing Ifl to 19% more protein than wheat flour 
alone and a protein combination that was definitely superior in its 
growth-promoting value to the same quantity of protein from wheat 
flour. 
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That the requirement for the B vitamins in the animal depends in 
part upon the composition of the diet with respect to carbohydrate and 
fat was first suggested by Funk (’14). Later, Evans and Lepkovsky 
( ’29) found the rate of growth of rats fed diets high in fat increased 
when compared with those receiving diets high in carbohydrate. This 
they attributed to a '‘sparing action” of fat. Since that time consid- 
erable evidence has accumulated to indicate that in animals the re- 
quirement for thiamine is decreased as the fat content of the diet is 
increased (Williams and Spies, ’39, Stirn, Arnold and Elvehjem, ’39, 
Banerji, ’40, Arnold and Elvehjem, ’39). Some investigators, however, 
have failed to confirm such a relationship and the existence of a “ spar- 
ing action” of fat has been questioned (Gregory and Drummond, ’32; 
Kemmerer and Steenhock, ’33; Sure and Buchanan, ’35), 

In man, studies to clarify tliis relationship have been few in number 
and the results to date equivocal. Widenbauer and Wieland (’39) 
observed increased utilization of thiamine following the addition of 
extra carbohydrate to the diet but this they attributed to the con- 
comitant increase in total caloric intake. Sehroeder and BenaecHo 
(’39) and Wang and Yudkin (’40), however, found the output of thia- 
mine in the urine reduced when the proportion of carbohydrate in the 
diet was increased without alteration in caloric intake. On the other 
hand no difference in urinary thiamine excretion during alternate 
l^eriods of high fat and high carbohydrate intake could be detected by 
Cahill (’41). Thus, since it is important for both theoretical and prac- 
tical reasons to know whether the type of food ingested alters in any 

* Sponsored by a f uml provided by Mrs. Arthtir W. Thompson. 
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way tlie requirement for thiamine in man and since investigations to 
date have yielded conflicting results, we designed experiments further 
to test this relationship. The investigation was carried out over an 
extended period on a group of human subjects living under carefully 
controlled conditions, in which alteration in the carbohydrate-fat re- 
lationship of the diet was the only variable. The results show clearly 
that increased amounts of thiamine are utilized when the proportion 
of carbohydrate in the diet is high. Any “sparing action” of fat ap- 
pears to be related to a coincident decrease in the carbohydrate con- 
tent of the diet. 

METHODS OP STUDY 

These studies were carried out in the ward of the Thompson Vitamin 
Clinic® under controlled conditions described in an earlier paper in 
this series (Elsom, Eeinhold, Nicholson and Cflioruock, ’42). Six women 
served voluntarily as subjects. Three were studied in April and May, 
and three in November and December, 1941. Each of them had pre- 
viously been a patient in a general ward of the hospital but had re- 
covered from her illness before transfer for this investigation. ® 

After a preliminary period of observation on a normal diet, each 
subject received in varying sequence a basal diet, a diet high in fat 
and a diet high in carbohydrate, the total caloric intake remaining 
essentially constant throughout the three periods (table 1). 

The basic diet, illustrated by the following diet of subject 4, con- 
sisted of egg 50, skim milk, 50, bread 66, butter 12, orange juice 75, 
cream of wheat 100, meat 50, potato 75, carrots 100, stewed peaches 
100, chocolate syrup 40, lettuce 17, canned pineapple 118, and cottage 
cheese 50 gm., respectively. During the basal diet period, the foi'ego- 
ing was supplemented with sugar 43, jelly 60, and olive oil 31 gm., 
respectively. During the high-fat period the supplements to the basic 
diet were sugar 23, gelatin 2, and olive oil 62 gm. Tlie high-carbohy- 
drate diet consisted of the basic diet wdth sugar 117 and jelly 60 gm. 
added. The diets of the other subjects differed only wdth respect to 
the quantities necessary to supply the theoretical requirements of the 
several food factors involved. 

2 Formerly fimctiouing in tlio Pliilacleipliia General Hospital. 

*Oare was emxiloyed in selecting as snbjeetvS only those whose previous illness did not 
introduce nneontrollabie variables. Two of them had old deforming fractures of the femur; 
two suffered from inactive, defornnng rheumatoid arthritis; one from residual locomotor 
difficulties secondary to ronioval of a spinal cord tiunoi*, and one was convalescent from 
lobar pneunioiiia. 



DIET AND THIAMINE UTILIZATION IN MAN 


53 


Representative diets were analyzed for tliiamine and tlie tliiamine 
intake of eacli patient was kept constant tlirouglioiit the different 
periods except in subject no, 1, in whom it was lower in the basal diet 
period. In addition to the thiamine in the food, a supplementary so- 
lution was given daily with lunch. This brought the intake of thiamine 
to approximately twice the minimal requirement as determined pre- 

TABLE I 


Amonnl^ of dietary flemaits received hy each subject during the different experimental periods. 



SUn.TKOT 1 

r ZUR. (WEIGHT 156 BBS.) 

SUBJECT 

2 : HRE. (WEIGHT 83 LBS.) 


1 Basal 

Hi^h tat 

clio. 

Basal 

1 His'li fat 

Hijfh t’ho. 


I diet • 

i 

diet 

diet 

diet 

j diet 

diet 

Protein, gin. 

91 

91 

91 

99 

9y 

99 

P"at, gm. 

8a 

114 

21 

86 

114 

29 

CHO, gm. 

ein 

155 

300 

230 

167 

358 

Calories " 

2010 

2020 

2000 

1970 

1970 

1970 

Thiamine in 







diet, pg. 

700 

491 

489 

471 

461 

471 

Thiamine in 
supplement, 








250 

650 

650 

850 

850 

850 


SUBJECT 3: KEI*. (WEIGHT ? 

SUlhl ECT 4 

: snu. (WEIGHT lOG LBS.) 

Protein, gm. 

99 

99 

99 

50 

50 

50 

Fat, gm. 

86 

114 

29 

52 

83 

21 

OTiO,, gm. 

230 

167 

358 

208 

338 

278 

Calories 

1970 

1970 

1970 

1500 

1499 

1501 

Tliiamino in 







diet, gg. 
Thiamine in 

471 

4<il 

471 

421 

421 

421 

supplement, 








850 

850 

850 

254 

254 

254 


SUBJECT 5 

BIL-V. (WEIGHT 157 LBS.) 

SUBJECT 0 

: CR4. (WE.TGHT ISO LBS. I 

Protein, gm. • 

72 

70 

72 

~~S2 

80 

QO 

0£J 

Fat, gm. 

59 

92 

25 

61 

97 

24 

(3HO., gm. 

241 

169 

318 

214 

135 

296 

Calories 

1783 

1784 

1785 

1737 

1733 

3728 

Thiamine in 







diet, Mg. 

492 

492 

492 

483 

483 

483 

Thiamine in 
supplement, 







Mg. 

400 

400 

400 

450 

450 

450 


^ " The ealorxe intake for Subjects Zur., Sim., Bra., and Cra. was that whieli during a pre- 
liminary control period had been found just sufficient to maintain body weight at a constant 
level. The caloric intake for Subjects Bro. and Heh, through an error in calculation, ex- 
ceeded this %mluo and, as is shown in the text, resulted in gain of body weight. 

^This patient was in a body cast for treatment of intertrochanteric fracture of the right 
femur sustained two months previously, rendering determination of body weight imprac- 
ticable during this experiment. 
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viously under the same conditions (Elsom et ah, ’42) and represented 
a considerable increase in intake of thiamine over the previous diet 
for all the subjects. The purpose of the supplement was to raise the 
thiamine intake sufficiently to bring about a urinary concentration of 
the vitamin that would permit accurate determination with negligible 
interference by the urine blank. Thiamine in urine, feces and food 
was determined by the thioehrome method as described in a previous 
2Mper (Elsom et ah, ’42). 

STATISTICAL IiIETHODS 

Comiiarison of means was made by the method described by Goul- 
den (’39) for small samples using Fisher’s Table of “t.” Eegression 
lines were calculated by the method of least squares. The significance 
of the regression coefficients also was tested according to Goulden. 
Values of P in all of the tables were evaluated by the usual standards, 
P of 0.05 or less being considered significant and of 0.01 or less, highly 
significant. 

BESULTS 

All of the six subjects showed a trend of rising thiamine excretion 
during the basal diet period. This was caused by the increased intake 
of thiamine coincident with the beginning of the experiment as de- 
scribed above. Unpublished observations by the authors have shown 
that appreciably increasing the daily thiamine intake of man is fol- 
lowed by a stepwise increase in daily excretion in the urine. This 
increase in excretion occurs at a fairly uniform rate for each indivi- 
dual.* The response to altered thiamine requirement on different diets 
under these conditions is manifested mainly by changes in the regres- 
sion of excretion with time and is not necessarily detectable by com- 
parison of the mean daily output. This was found true in the present 
experiment. Thus, increasing the carbohydrate content of the diet 
over that of the basal period was followed in five of the six subjects 
(1 to 5 in figures 1, 2, 3) by decreased excretion of thiamine.*'’ In sub- 
jects 2, 3, 4 and 5 this took the form of interruption or reversal of the 
rising trend of thiamine excretion (figs. 1, 2 and 3 and table 2) ; in 
subject 1 it was manifested by a lowered mean daily output (table 
3). The mean excretion in subjects 2 and 3 showed a statistically 
significant rise during both the high carbohydrate and high fat periods. 

^ Although when plotted against time the increase is not rectilinear, it may be considered 
m over short periods without introducing appreciable error. 

® The deerea^e was statistically signiiieant in subjects 1, 3 and 4, and fell short of statis- 
Tical signiheance in subjects 2 and 5, 
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This is explained hy the recent rise in their thiamine intake and, in 
view of the reversal in the rising trend of excretion during tliese periods, 
has no bearing on the effects of the diet studied. Subject 6 showed no 
response. Tlie alteration in thiamine excretion is well shown in the 
graphs for .subjects 1 to 6, and the significance of the changes can be 
evaluated from the stati.stics in tables 2 and 3. It should be noted 
that the change from basal to high carbohydrate diet resulted in the 
same altemlion of thiamine excretion regardles.s of whether a period 


SUBO-ZCT 1 (Zur) SUBJECT S. (Bre.) 



0 10 ^0 30 0 10 ^0 30 

m DRV3 


Fig. 1 Dhiilnishecl exeretion of tlnaniine during liigii carbohydrate diet period shown in 
subject 1 by decrease in mean output and in both subjects by change in slope of regression 
lines. Each point represents excretion of thiamine in urme during a 24>hour periods 

of high fat intake intervened. It is apparent also that following the 
high carbohydrate diet the regression lines in the subsequent periods, 
whether basal or high fat, resume at a lower point than would have been 
tbe case bad the high carbohydrate diet not intervened. Thus, the thia- 
mine supply apparently had been depleted to such an extent that the 
accumulated “stores” were largely consumed. 

The mean daily excretion of thiamine during tbe high fat period 
was increased over that of the basal period hy a significant amount in 
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subjects 1 , 2, 3, 4 and 6. However, this increase is adequately explained 
by the effects of the thiamine supplement as already mentioned and 
cannot be considered of importance since, with the exception of subject 
6, the slopes of the plotted values did not change appreciably at this 
time. Since the “thiamine-sparing action” of fat, if any, should be 

TABLE 3 


Effect of oompomiimi of diet on thiamine oor^creiion in urine: comparison of regression. 


vStTBJEOT 

BASAL nil'lT 
(A) 


HIGH FAT DIET 
(b) 


HIGH CArtBOHTDRATE DIET 

(c) 

1 

Y “ 7.25x -1-415 

7.16 

p 

0.30 

Y 7.73x-f 417 

Sh 

3.30 

2 

A 

Y = 1.13X+385 

Sb 

2.25 

P 

0.08 

o 

y = 6.80X+225 

1.39 

<0.01 

Y = 5.78x-f310 

1.17 

<0,01 

Y = 2.20X+325 

1.62 

0,2 

3 

Y = 17X-1-234 

5.70 

0.02 

Y -= S.6X-+-317 

3.75 

0.05 

Y = 3.8x4-406 

0.82 

<0.01 

4 

T = 1.26X-H96 

0.47 

<0.02 

Y === 1.54x-f 111 

0.79 

0.075 

Y == 3.7x4107 

1.56 

<0.05 

5 

r==l,89xX69 

0.5 

<0.01 



.... 

|Y = 0.26x485 

0.47 

0.06 

6 

Y==75x-f205 

1.57 

0.2S 

Y == 4.15x-f 222 

2.62 1 

0.15 

Y = 1.94x4214 

0.98 ^ 

0,07 


^ Sigmfieanee of differences of regression coefficients: (A) — (B) = noii-slgniiifant j (A) 
— G = P<0,01 for subjects 3, 4, 5, others non-significant ; (0) — (B) ^ <0,01 for subject 3, 
<0.02 for subject 4, <0.05 for subject 1, others non-significant. 


TABLE 3 


Fiffect of tlie composition of the diet on tMmmne excretion m urine: Comparison of means. 


SUBJECT 

THIAMINE excretion IN MICBOGBAMS 

PER li4 HOURS (MEAN AND STANDARD 
DEVIATIONS) DOBING PERIOD ON 

SIGNIFICANCE (P) OF THE DIFFERENCES 
BETWEEN MEANS 


Basal 

diet. 

Hiffh fat 
diet 

Hijgh carbohy- 
drate diet 

BasaMiisfh fat 

Basal-hiffh 

carbohydrate 

High carbohy- 
drate-high fat 

1 

444 ± 38 

467 ±: 47 

376 zt 36 

0.10 

0.02 

<0.01 

2 

257 ± 41 

351 ±: 29 

341 ± 34 

<0.01 

<0.01 

0.8 

3 

327 ± 70 

381 60 

377 ± 38 

<0.01 

<0.01 

0.3 

4 

107 ± 13 

123 ±: 16 

124 ± 24 

0.02 

0.20 

0.7 

5 I 

83 ± 11 

' i 

85 ± 9 

i 

0.27 


6 

217 ± 27 

247 * 30 1 

230 ± 95 

0.05 

0.15 

0.9 


demonstrated in these subjects by differences in the excretion of thia- 
mine between the basal and high fat periods, where the carbohydrate in- 
take is not strikingly altered, and since no differences were obseiwed, 
no “sparing action” is indicated. 

In subject 6 there is a perceptible increase in slope during the high 
fat period as compared with the basal period which might be con- 
strued as evidence that fat was decreasing the need for thiami n e with 
resultant greater surplus for excretion. The difference, however, fell 
short of statistical significance by a considerable margin. Furthermore, 
this subject showed a mean increase in. the urine of 1.3 gm. N per 24 
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hours on the high fat diet at the same time that there was a loss of 
0.7 kg. in body weight. The increase in urinary nitrogen, together witli 
the weight loss, suggests a failure to use elficiently the high proportion 
of fats supplied by the diet. Increased output of thiamine in these 
eii'cumstances might be explained in part by thiamine released through 
destruction of tissues and in paid by the lower level of food utilization. 


SUBJECT 3, (HELJ 


HiaH 

CARBO* HIGH 



SUBJECT 6, (CRA) 


HfGH 

CARBO- 



I'lg, 2 Subject 3: rising excretion of thiamine during basal diet period interrupted by 
change to high carbohydrate diet with resultant decrease in excretion. Kesunijition of rise 
during subsequent high fat diet period. Subject G: no significant effect of diet. 


Nitrogen excretion, determined in two other subjects (4 and 5) 
showed no change.® Body weight, likewise, was unchanged in subjects 
1, 4 and 5. Subject 2 gained weight during the basal diet period (0.7 
kg.), probably due to the high’ caloric intake. The upward trend in 
weight was interrupted during the high carbohydrate period and re- 
sumed again when the high fat regime was instituted. A total of 1.3 
kg. was gained at this time. Since subject 3 was on a similar regime, it 
is probable that similar changes in weight occurred. 

No differences were observed either in free or total thiamine in the 
feces of two subjects in any of the experimental periods (table 4.) 

^We are indebted tu Br. Hellen Gcmdsnut for all determinations of urinary nitrogen. 
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SUBJECT 4 . (SHU.) SUBJECT 5 , (BRA) 

HIGH 



Eig. '6 Subject 4: absence of effect on tbiamine excretion (hiring high fat diet perioc 
contrasted with decrease during high, carbohydrate diet perioci. Subject 5: rising tranc 
of thiamine excretion during basal diet period re.versexl during high cfurbohydrate diet period 

TABLE I 

Excretmi of thiamine in. feces during the different experimental periods: Comparison of means 


MUAX THIAMINE EXOBETION 5IICEOURAMS PER 24 HOURS 


SUBJECT 

Basal diet 

High fat diet 

High carbohydrate diet 


Free 

Total 

Free 

Total 

Free 

Total 

1 

Ul ± 79 » 

538 ±: '279 

57 1:33 

374 db 156 

63 ±; 20 

600 ± 23;- 

3 

87 ± 66 

299 ± 201 

05 ± 77 

263 ± 244 

66 ± 30 

202 zt 101 


^ Standard deviation. 


DISCUSSION 

The output of thiailiine in the iirine is deterniined primarily by th( 
amount of thiamine ingested (Elsom efc ah, ’42). When the intake 
is maintained constant and other factors, such as exercise and infec 
tiou, udiich have been found to inlluence its output, are eliminated a; 
variables, the amount in the urine represents that portion of the intak< 
■which has not been (1) lost through the gastro-intostinal tract, (2' 
retained in the tissiies or (3) used in metabolic processes. 

At the levels of thiamine intake employed in these experiments all o; 
the vitamin ingested is apparently absorbed from the gastro-intes 
tinal tract and the thiamine in the feces may he accounted for by th( 
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synthetic action of intestinal microorganisms. At liiglier levels of in- 
take an increasing proportion of the ingested dose may be recovered 
from the feces {Elsom et al., unpublished observations). The lack of 
importance of the fecal thiamine in these experiments was established 
by the failure to olitain significant dift'ei’euces, either in free or total 
thiamine in the feces, in any of the three experimental periods. 

Variations in the rate of absorption of thiamine from the digestivt' 
tract appear to explain to some extent daily variations in the ui’iiiary 
excretion of the vitamin (Elsom et al., ’42) when the intake is main- 
tained at a given level. However, factors causing variation in absorp- 
tion presumably would be comparable in the different periods and 
(tould not explain the differences observed in these studies. Our sub- 
jects showed no indication of abnormal function of the digestive tract 
and it is unlikely that fermentative formation or destruction, varying 
in extent with the different diets, could have brought about the differ- 
ences observed. 

Cleavage of thiamine is known to occur in the course of its meta- 
bolic activity (Schultz, Atkin, and Frey, ’40; Pollack, Ellenberg, and 
Dolger, ’41; Gorham, Abels, Robins and Rhoads, ’42). Although it i.s 
possible that the cocarboxylase concentration of tissues may increase 
as a result of the increased need for this coenzyme, animal experiments 
have failed to show that tissue thiamine is altered by high fat or high 
carbohydrate intake (Kemmei’er and Steenbock, ’33; Westenhrink, ’,34). 
Thus it seems unlikely that the decreased excretion oliserved during the 
high carbohydrate period could have been the result of retention in 
the tissues. 

Ill view of these considerations the decreased excretion of thiamine 
during high carbohydrate intake in these subjects may he interpreted 
as indicating increased need for thiamine in the metabolism of the 
extra carbohydrate with consequent increase in the rate of its de- 
struction. 

The conflicting results of previous studies of the effect of fat 
on the thiamine requirement of animals appear to be explained by 
marked changes in the carbohydrate content of the diet when the ef- 
fects of alteration in fat were being sought. Thus, a “sparing action” 
of fat was observed only when the fat was fed in conjunction with low 
carbohydrate intake (Evans and Lepkovsky, ’29; ’Westenhrink, ’34: 
Arnold and Elvehjem, ’39; Salmon and Goodman, ’37 ; Stini et al., ’39; 
Banerji, ’40; Banerji and Yudkin, ’42). When, on the other hand, diets 
high in fat were compared with diets of which the carbohydrate content 
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was not strikingly different, no “sparing action” was detected (Greg- 
ory and Drnminond, ’32; Kemmerer and Steenbock, ’33; Sure and 
Buchanan, ’35). The results of our experiments also show no effect 
of fat as such but a decided effect of carbohydrate. 

The failure of Cahill ( ’41) to find that high carbohydrate intake 
altered thiamine excretion is more difficult to explain since the dietary 
conditions of this experiment were well controlled. One outstanding 
difference in his experiments from those here described was that his 
subjects were active, whereas ours were sedentary and their activity 
did not vary from day to day. Exercise is known to increase the need 
for thiamine (Guerrant and Butcher, ’40) and unless the amount of 
activity is regulated, would introduce a complicating factor. The use 
of single 24-honr specimens for comimrison as in Cahill’s experiments 
likewise would diminish the likelihood of finding differences because 
of the exaggerated influence of random variations in urinary output of 
thiamine in such a short collection period. 

Although Widenbauer and Wieland (’39) regarded the decrease 
in excretion of thiamine in urine that occurred during a 5-day period of 
high sucrose intake as insignificant, statistical analysis of their data 
show's that, on the contrary, the decrease is statistically significant 
and that if the first day of each period is omitted the differences be- 
come highly significant. Their belief that the rise in total caloric 
intake was responsible for the difference that occurred is not sup- 
ported by comparable experiments, in which fat alone was increased, 
nor is it in agreement with our observations (Blsom et ah, ’42). 

Thus it seems possible to loconcile the apparently conflicting re- 
sults hitherto obtained. In view of the dependence of thiamine excre- 
tion in urine upon thiamine utilization when intake and other factors 
are kept constant, the decreased thiamine excretion observed when 
diets high in carbohydrate were fed indicates that the propoi’tion 
of carbohydrate in the diet is an important factor determining the 
daily requirement of thiamine. 

SITMMAEY 

1. The urinary excretion of thiamine was deci'eased in five out of 
six women when the carbohydrate-fat ratio in the diet was increased, 
all other dietary and environmental factors remaining constant. The 
decrease in thiamine excretion was manifested by interruption of a 
rising trend of excretion in four subjects and by a decrease in mean 
excretion in one. 
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2. No evitleiK-e of a “tlduniiiio-Kjiaring adioa” of fat was ob- 
sori'od. 

;j. Excretion of free and total tiiiamine in the feces was not sig- 
nificanlly affected by changes in carbobydrate-fat ratio of the diet. 

4. Tile present observations demonstrate tliat ilie amount of carbo- 
iiydi'ale in the diet is an important factor in determining the daily 
haman reiiuirenient for lliiamino. 
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The probJem of attaining adequate nutrition for an Ai-my, under 
diffienlt conditions of supply, with the subsequent prevention of nu- 
tritional deticioncy symptoms, is an iniportant one. In pai’ticular, the 
provision in desirable quantities of certain of the B-complex vitamins 
and ascor])ic acid poses a difficult problem if available foods should 
include only canned meats and grain products as primary sources of 
the former, and canned or dehydrated vegetables for the latter. It 
is true that the commercial enrichment of grain products and commer- 
cial syjithesis of ascorbic acid have served to ameliorate the situation 
somewhat. Nevertheless, the provision of any accessory source of 
these vitamins is highly desirable, and particularly so tvhen a food 
gi’oup such as dried legumes provides a means of supplying them. This 
is true hetaiuse dried legumes in addition to being plentiful aud iuox- 
pensive, are also relatively light in weight and small in bulk in the 
quantities needed for 100 men. F'urthermore, they are foods of excel- 
lent nuti’itive value in themselves, containing high quality protein, 
iron, calcium and certain vitamins. 

As early as 1912, Holst and Prolich proved experimentally that 
vegetables of high antiscorbutic potency became useless for the pre- 
vention of scurvy when dined and made suitable for military supply. 
Piirst, in 1912, proposed the use of germinated seeds as a solution to 
the problem. The menace of scuiwy to British and Indian troops in 
Mesopotamia during 1915 and 1916 focused the attention of the Lister 
Institute group on the earlier work, with the result that Chick and 
Delf ( T9) made an extensive investigation of the problem and found 
dry peas and lentils eminently suited for transport and production of 
considerable “antiscorbutic stuff”, when germinated for use as re- 
quired. 
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Using rat growth methods, Bose and Phipard (’37) compared the 
Autamin B and G values of fresh, frozen, dry, and sprouted peas and 
lima beans. They noted a loss of vitamin B and a gain of Autamin G 
(riboflavin) in the 14-day-old seedlings over that in the dry seed. 

Burkholder and McVeigh (’42) found significant increases in the 
concentration of riboflaAdn, niacin, biotin, and pyridoxine during the 
germination of several kinds of seeds. They found little or no change 
in thiamine concentration following germination. All analj^ses were 
made on the plant material after drying at 70°C. for 12 hours. 

In a subsequent paper, Burkholder ( ’43) summarized a comprehen- 
sive study of several of the B-vitamins in sprouted oats, wheat, barley, 
and corn. In all cases, sprouting increased the content of riboflavin 
and niacin, while the thiamine content remained unchanged. The re- 
sults indicated considerable retention of the increased vitamins during 
dehydration of the sprouted seeds. 

During the present war, the Australian Army, working through the 
Council for Scientific and Industrial Eesearch and tlie facilities of the 
University of Adelaide (’42) have developed routine instructions for 
the proper sprouting of the “blue boiler’’ pea. 

This laboratory has determined the productiveness of certain legumes 
during the process of germination with respect to thiamine, riboflavin, 
nicotinic acid, and ascorbic acid. On the basis of suitability for military 
use, three main types of leg-umes have been chosen ; dried peas, soybeans, 
and other beans. The actual species under each type are as follows: 
Peas — Alaska, Wrinkled, Blackeye Cowpea; Soybeans — Peking, 
Bansei-1, Edsoy, Olemson, Higan-B, Easj^eook; Beans — Navy, Baby 
Lima, Bed Kidney, Pinto. 

It was desired to find out which type and species would be the most 
productive of the vitamins under consideration, and to discover pos- 
sible effects of environmental variation. 

EXPERIMENTAL PROCEDURE 

Method of sprouting legumes 

A quantity of each of the dry legumes (250 gra.) Avas weighed and 
placed in a sterilized burlap bag large enough to permit a five-fold 
increase in volume during soaking and sprouting. (In most cases 
duplicate samples of each legume were weighed and placed in separate 
bags.) The bags containing the legumes were immersed in tap water 
and allowed to soak for 8 Hours. At the end of this period, considerable 
water had been absorbed and the legumes had increased in size and 
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softened eonsiderably. (Excessive soaking, i.e., 24 liours, only served 
to accelerate tire appearance of rot.) The bags were then suspended 
individiially by cords attached to an overhead rack and allowed to 
drip into pans placed below. The rack was placed indoors about 3 feet 
from an open windoAV which allowed free circulation of air. Following 
the initial soaldng, the bags containing the legumes were thereafter 
immersed in fresh water for 20 minutes three times daily at 8-liour 
intervals. 

Temperatures were taken twice daily w'ith a thermometer .suspended 
beside the bag’s, and occasionally an internal temperature was recorded. 
The latter practice was discontinued when it was found that the in- 
ternal temperature ranged consistently from 2° to 10°F. cooler than 
the external (room) temper-ature, presumably due to the evaporation 
of water. 

Each morning just before soaking, the legumes were emptied from 
the bags into clean dry beakers, weighed, and then weighed samples 
withdrawn for vitamin analysis. The remaining legumes wmre then 
returned to the bags for further sprouting. 


Germination 


Some signs of germination -v'ere usually observed at the end of 24 
hours, and in most cases sprouts were fully evident about 48 hours after 
the time that soaking was started. Germination counts made at that 
time on all varieties of legumes were as follows : Peas — Blaekeye Cow 
Pea (96%), Ala.ska (95%), Wrinkled (96%); Soybeans — Peking 
(85%), Bansei-1 (97%), Edsoy (95%), Olemson (98%), Higan-B 
(100%^), Easycook (100%.); Beans — Baby Lima (81%), Red Kidney 
(0% ) (no sprouts). Navy (.35% ), Pinto (84%). 

Determination of moisture 

An example of the method used (in the field) for routine determina- 
tion of moisture on the air-dry basis is as follows: 250 gm. of air-dry 
beans had increased in weight to 598 gm. at the end of 24 hours. The 
ratio 250/598 — 0.42 was applied to the weight of moist beans (50 gm.) 
taken out for analysis. This gave the weight of air-dry matter in the 
sample removed for analysis (21 gm.). This value was subtracted from 
the original 250 gm. to determine the calculated weight of legumes on 
the air-dry basis returned in the bag for further sprouting (229 gm.). 

Results obtained from the actual determination of moisture (drying 
to constant weight in an oven at 100°~104°C., and allowing samples to 
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come into atmosplieric equilibrinm) were in close agreement with the 
calculations described above. 

Ascorbic acid 

Detemiiuation of ascorbic acid was carried out by a modification of 
the method of Mindlin and Butler (’38), the modification being de- 
veloped during the course of this investigation. It was found that the 
preliminary preparation of the samples, particularly soybeans, as 
carried out according to methods described in the literature, including 
that of Loeffler and Pouting (’42), did not provide for the effective 
removal of protein and other interfering substances. As a result, it 
was impossible to measure the degree of reduction of the indophenol 
dye because of the presence of a simultaneously appearing precipitate 
which had the effect of increasing turbidity, thus interfering with the 
passage of light through the solution to be measured. 

The following method was finally developed and used with success : 
A weighed sample of sprouted legumes was finely comminuted and 
extracted in 2% metaphosphoric acid by means of a Waring blender, 
and then centrifuged. An aliquot of the supernatant liquid wms with- 
drawn and treated for 15 minutes with i volume of 25% trichloracetic 
acid to precipitate the interfering substances referred to above, and 
then centrifuged. An aliquot of this supernatant solution was placed 
in a photoelectric colorimeter, and a solution of buffered 2,6 dichloro- 
phenol indophenol dye was added. After 30 seconds, the galvanometer 
deflection was read and the remaining dye color wms destroyed with 
a few crystals of pure ascorbic acid before taking the second reading. 
After determining the deflection due to the dye solution alone, the 
ascoihic acid content of the unknomi w'as calculated. Eecoveries of 
90-100% added ascorbic acid were obtained using this method (i.e. after 
removal of interfering substances by the use of trichloracetic acid in 
the presence of metaphosphoric acid, as described). 

Thiamine — riboflavin — nicotinic acid 

Thiamine was determined by the thiochrome method of Hennessy 
and Cerccedo as adopted by the Eesearch Corporation Committee, 
riboflaAun by the microbiological method of Snell and Strong (’39), 
and nicotinic acid bv the microbiological method of Snell and Wright 

(’41). 

EEStJLTS AND DISCUSSION 

The generation of the various water soluble vitamins investigated in 
this project is indicated in tables 1 and 2. It is apparent that sprouting 



GERMI.’^AXIOX AXl) VITAMIN I'liODUCTJOX 


67 




68 


CyilUS E. PKENCH AND OTHERS 


Eh 


j 

zn 


no 

to 



to 


T-*1 

00 

CD 

00 

03 

00 

oc 




oi 

CO 


O 

-f 


to 

tc 

O 

HH 

to 

00 

CC 


c> 


-tt 



pH 

'vH 


cc 

03 

CC 

cc 

CC 

cc 

cc 


a 















Si 







— 










c 



00 

GO 



00 


CO 

-H 

cc 

a- 

03 

o 

CD 




CD 

rfi 


o 

o 


OC 

l>- 

cc 

rH 

O'. 

o 

O 

o 

on 

t- 


Citi 






03 

03 

cc 

cc 

01 

cc 

OC 

s 

ra 


GO 

D1 


00 

CO 


cc 

CO 

03 

!>. 

cfa 

pH 

«D 

1 






pH 

pH 


•rH 

t>. 

otj 

to 

■rH 

CC 

1C 

Q 

CO 


01 

cc 


cc 

CO 


03 

03 

01 

Oi 

03 

03 

03 

'A 

■Tj< 
















60 


JO 

to 


o 

b- 


to 

O 

O 

00 

to 

lO 

lb 




t>. 

iH 



t>. 


C30 

rH 

LC 

OO 

tc 


lb 


O 

... 

(03 

CO 


(?J 

C3 


r-^ 

01 

pH 

r-1 

iH 

rb 

pH 


ra 


lo 

rH 



00 


-H 

03 

OO 

03 

tb 

pH 

03 




»o 

OQ 



CD 


CO 

O 

to 

D1 

01 

ID 

CO 


60 


t-H 

rH 



tH 


tH 

r^ 

tH 


tH 

rH 

rH 


03 
















SO 


t- 




ID 


T-r 

01 

CD 

tH 

ov 

05 

00 

s 



00 

CD 



t- 


CO 

o 

CC 

D3 

03 

rH 

03 


on 

t- 


c: 

C 



O 


rH 

r-4 

pH 

pH 

rH 

pH 


o 

03 








iH 

rH 

l-C 

Oi 

05 

W 


E 

,55 








03 


CO 

O- 

01 

CC 

01 

fS 

00 









r*^ 

pH 

O 

r-*i 


Pbl 


rii 
















m 


CM 

00 


rH 

o 


03 

CD 

O 

b- 

pH 

cc 

CD 





CO 


CO- 

CO 


00 

tco 

00 

hH 

hH 

•H* 

ID 


o 


o 

o 


o 

o 


o 

o 

O 

o 

CD 

o 

d 


« 


Ot! 

D3 



0-3 


pH 

rH 

D3 

b- 

iC 

tH 

tc 




CD 

CD 



CD 


CO 

CO 

00 

lb 

lb 

lb 

t-. 


CO 


o' 

C' 



■D 


o 

d 

O 

d 

o 

o 

o 


Oi 


















03 

CD 



a. 


•Dl 

b- 

-H 

CD 

cc 

tD 

05 

B5 

xt 






CO 


QC 

CD 

00 

Of: 

ib 

lb 

tb 

5?5 

« 


O 

O 



o 


O 

d 

o 

C: 

o 

CD 

d 


tr. 















< 

















£ 


pH 

CM 



CD 


C3 

o 

CC 

03 

oc 


03 

r" 

X 


to 

cq 



ID 


•30 

t- 


X 

1-- 




22 


d 

d 


* 

d 


d 

d 

d 

o* 

d 

d 

d 


ta 


rH 

-H 


Hjn 

o 


b-* 

00 

rH 

CD 

03 

o> 

rH 




t'- 

00 


oq 

oq 


o 

Cfi 

o 

o 

O 

oq 

O 


i '=* 


o 

d 


d 

d 


rH 

d 

tH 

pH 

rH 

d 

pH 


^ § 1 


t>* 

oq 


o 

C3 



4* 

cq 

cq 

HJ 

ib 

o 


^ 1 


CO 

D3 


d 

oi 


od 

a 

d 

od 

o 

d 

cc 


O 1 


l-H 

O 


o 

03 




CO 

hH 


uc 

tc 


: 



pH 


rH 









j 

X • 

t 1 


rH 

cq 


CM 

’*1 


o 

cq 

cq 

oq 

CD 

VC 

o 




CD 

d 


CM 



03 

r~i 

d 

d 

lb 

to 

d 

i 

i i 


CD 

00 


00 



•pH 

03 

to 

cc 

CC 

rH 

cc 

« 

0 

< 

1 ! 


CO 

H* 

1.8 


d 

03 

CO 


l>» 

o6 


cq 

d 

cq 

03 

cq 

03 

O 

d 

oq 

oc 


03 1 



t> 


t>. 

VD 





CC 

OC 

CC 

cc 

D 

t- 1 















s 
















« 



00 



to- 

D1 


cq 

O 

CD 

CO 

ID 

pH 

cq 

8 



iO 

L-<^ 


co 

ci 


od 

d 

w 

d 

d 

od 

(d 


CO 


OCJ 

Di 


CO 

CO 


r»-i 


Cl 

tH 

H 

0-1 

rH 


















S i 


t-™. 



oq 

0| 


o 

03 

d 

cq 

ST. 

tH 



xi 1 


CO 

00 


00* 

d 


■rH 


cd 

d 

CD 

CD 

d 


, 













Pb 



00 ! 
















S 1 















i 

^ 1 
.rJ 


o 

o 


o 

o 


O 

CD 


o 

O 

o 

o 
















ct> 








bf; 












c? 

fr:i 

CO 

o 

(D 

CS 

1 

an 

fail 

T 


o 


c 

C 

rt 


i 

1 

m 

ee 

OP 

^ 

CO H 

« *P OS 

< ^ s 

9 


« fi 

■2 :s 

^ (O 

2 

fS 

o 

oa 

tx3 

K 

H: 

C 

C5 

?«) 

iS 

cS 

pp 

< 



Ph 






OQ 











GERMINATION AND VITAMIN' PEOD0CTION 


69 


causes a marked increase in ascorbic acid, a fair increase in riboflavin 
and nicotinic acid, and none in tliianiiue. This is over and above the 
vitamin content inherent to the non-germinated legume. 

Generally speaking’, the various varieties of peas were found to 
produce the greatest quantities of ascorbic acid, riboflavin and nicotinic 
acid. Soybeans, while less efficient in this regard, were nevertheless 
of considerable merit, and markedly superior to the other types of 
beans investigated, ivhich showed a tendency to rot. The rotting, in 
turn, w'as associated with a cessation of vitamin production. 

It was observed also that the rate of germination, for all types of 
le,guines investigated, showed a direct correlation with the temperature 
of the room. In turn, the rate of generation of the vitamins (thiamine 
exceiited) followed the same trend as the I’ate of germination. 

A 100-gm. serving of sprouted peas and soybeans, before cooking, 
would provide approximately the following minimal quantities of 
nutrients, (mg.), according to the results obtained in this investigation. 
Ascorbic acid — peas (25.0), soybeans (12.0) ; riboflavin — peas (0.35), 
soybeans (0.45); nicotinic acid — ’peas (1.40), soybeans (1.00); thia- 
mine — 'peas (0.24), soybeans (0.28). On the same basis, other beans 
would provide 3.0 mg. of ascorbic acid, 0.30 mg. of riboflavin, 0.30 mg. 
of nicotinic acid and 0.1 mg. of thiamine. 

The values listed above are conservative average values obtained 
when the sprouts had attained 2 inches in length. In the summer months, 
this occurred after 72 hours, -which included the soaMng time. This 
period was found to be increased to approximately 120 hours at the 
lower temperature of the winter months. The 24-hour temperature 
range was as follows: summer, 68°-97“F.; winter, 64°-75°F. In addi- 
tion, it was found that the sprouts became less tender and palatable 
when they exceeded two inches in length. When sprouted in the man- 
ner described and eaten at this stage, the peas and soybeans are very 
palatable, and possess an excellent flavor. It is considered that the 
final product would be highly acceptable as a palatable food as well as 
an accessory source of vitamins. The antiscorbutic value of such 
sprouted legumes has long been proven where the supply of fresh 
or canned fruits or vegetables is limited. It also appears that these 
legumes are of additional value because of small but significant 
quantities of other water soluble vitamins. 


SUMMARY 

Dried peas, soybeans, and other legumes have been investigated in 
relation to their generation of ascorbic acid, thiamine, riboflavin, and 
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nicotinic acid followdiig' gernaination. It has been determined that, 
generally speaking, such sprouted legumes are an excellent source of 
ascorbic acid, fair as a source of riboflavin and nicotinic acid, and poor 
for thiamine. The various varieties of peas were more productive 
of the vitamins concerned than were soybeans, which, however, were 
of considerable merit ajid markedly superior to the other types of 
beans investigated. A temperature effect was determined, indicating 
that both germination and the generation of vitamins proceeded at a 
faster rate at the higher temperature range. The applicability to 
military conditions of this method of producing an accessory supply 
of water soluble vitamins is indicated. 
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ON THE RE8P]EAT()EY 


EXCHANGE OP THE 


GOAT ' 


EHNK.ST <i. HrrZMAN AND THORNE M. OARM’ENTER 

V ni rrrsiti/ af Nfir n(Uupxh}r<% Durluun, Aoor [lampshlrv, <uhl X i(fri!i<in lAiboi'diarp^ 
('arndpld I nst if ut i<ni of H^ds/uHiiton, Ho,stoHa .1/g.s‘.sv/c//7/,sV'//,s’ 

(JiiM'civod for piibliroi ion iMiirrh S, ]‘)44) 

In pursiiaiKM* of <1)<‘ Nniritioji Lahorutoryxs g'eiioi*al stacly of tlie 
l)iolo!L)*ieal variaiions in tlio elfoet^ of Lexoses on the ]*espiratory ex~ 
e]iaui>‘(‘s of animals of different species^ liie investi^i 4 .*ati()ii here reported 
was made on the goat as a representative of ruminants. As the diet 
of adult ruminants is mainly of plant origin, it is eonceivable that tlie 
j'ate of utilization of sugars by the ruminant might be different from 
tliat l)y other species of animal such as man, the rat, or some of the 
thirnivoi'a. The respiratoiy exchange of the goat under various con- 
ditions lias been studied extensively by Aiagee (’24a, ’24-1!, ’24c, ’24d) 
and Magee and Orr ( ’24), but in no instance was an investigation made 
with pure sugars. 

EXPERIMENTAL 

The goats used were four adult males and five adult females, weigh- 
ing fi*om IVo to 45 kg. Prior to the ex])ei‘iments they were brought from 
the barn and kept in the laboratory foi* 40 hours, without food. The 
goat selected for the day’s expeiameut was placed in the i*espiration 
(hiamlier iu the moiaiiug, and base-line determinations of the respira- 
tory excliange were made in from tliree to six successive hhour periods. 
The goat was then given the dose for the day, which was 25 gm, of 
glucose, fructose, or galactose dissolved in 125 ml. of water at 
In the lii'st tliree experiments the goats were held quietly on their 
haunches and were fed the solution slowly, a few spoonfuls at a time. 
This was done in the belief tliat the liquid would follow the esophageal 
groove and thus go directly into the true stomach. In the siilisequent 
expeiiments the solution was given by stomach tube, wliich was in- 
serted as far as it would go. The goats wuu*e lield in a sitting position 
and tilted so that the liiiuid presumaldy should have followed a groove 

'A preliniiiiary coinimniication ri'gardiii^ this investigation was presented at the fifty- 
second annual meeting of the Ainerienii Pliysiologieal Soeioty. Am. J. Pliysiol,, vol. 129, 
]»p, ]»:i29-P:i3() (1949). 


Ortpyriffht, 1 944 

The Wistar Tiistitute of Anatomy ami Bioloyry. 
All rights reserved. 
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tliat Avould by-pass tlie rumen. As tJie reticulum and omasum are I'ela- 
tively small, it is probable that tlie solution was not much delayed in 
reacbing tbe fourth stomach or abomasum, pi'ovided that the attempted 
by-passing of the rumen was successful. The results of the respiratory 
exchange measurements appear to indicate tliat this hy-passing was 
successfully accomplished, although the solution may have been de- 
layed longer m reaching the fourth stomach than it would have been 
if the tube could have been inserted directly into the abomasum. After 
the solution of sugai’ was given, the funnel and the stomach tube were 
rinsed with an additional 125 ml. of watei'. ITsually from 4 to 7 minutes 
were i-equired to introduce the solution, and measurements of the 
respiratory exchange began from 21 to Ml minutes after ingestion. 
There were then eight successive -1-hour periods of measurement. Ex- 
l)eriments with 250 ml. of water at M7^-M8"'tl were made as a control 
series, but in these there wei'e no base-line determinations. The amount 
of sugar given to the goats was calculated from the amount of sugar 
commonly given in experiments with man (50 gm.) and the relation 
of the basal metabolism of the goat to that of man. The environmental 
temperature at which the goats were studied was ai)proximately 20°C., 
with variations of zt 3°C. 

The measui'ements of the i-espiratory exchange were made with an 
open-circuit j-espiration apparatus (Eitzman, Washburn, and Bene- 
dict, ’36), and proportionate samples of the ventilating air current were 
obtained by the bag method of Fox (Carpentei' and Fox, ’31a). Analy- 
ses of these samples of air were made by an accurate gas-analysis 
apparatus (Carpenter, ’33), which was standardized each day by 
analyses of samides of outdoor air. In a numbe]- of experiments de- 
terminations of methane were also made by gas analysis (Carpenter, 
’33) . ' ‘ - 1 ;! ! ij| 

In the comparisons made between goats and man in the following 
pages, the statements i-egarding man are based on articles by Carpenter 


and Fox ( ’30a, 


31b, ’31c), Carpenter ajid Lee (’32, 


’37e, ’38), and Root and Carpenter ( ’42). 


UE.SUDTS 

Bespiratori/ quofieuf (R. Q.) 

The respiratory quotients in sixteen experiments are given in table 1. 
The average base-line E. Q.’s in the individual experiments varied from 
0.71 to 0.79. The average base-line for two experiments in the series 
with glucose was 0.75, for the seiles with fructose 0.77, and with galac- 
tose 0.74. The protocols show that the base-line quotients in the suc- 
cessive -1-hour periods were uniform in five experiments, but in the 
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oiJier throe in which hase-Hne values were oblained the ranges were 
wider than would be expected for the post-absorptive condition. It is 
to be questioned whether the goat is in the post-absorptive condition 
40 hours after withd)-awal of food, although all the averag’e base-line 
B. Q.’s for the individual days were low enough to indicate complete 
ab.senee of etreet of the previous meal. 

The effect on the Ji. of ing’estion of 250 ml. of water was slow in 
i-eaching its peak, as the maximum B. Q. did not occur in thi-ee experi- 
ine]it,« until the thii'd to tlie sixth I-hour period after ingestion. In 
the other two e.xperinients the E. Q. wa.s steady. The averages of the 
B. Q. for the last three experiments with water were 0.73 in the first 

TABLE 1 


.spiraiorif bfforv and after inoeatUm u’atrr or augur hy goaia, 

(Wiiliont food 40 hours at start of exgij 



xiAsn- 


irAnr'Houn punions avteb ingestion 



ASU DATE 

LINH 
(AVO. ) 

12 

2 

3 

4 

5 

G 

7 

8 

1988 

IVaier 










June 29 


0.71 

0.70 

0.70 

0.71 

0,71 

0.71 


. . . 

June 30 


0,69 

0.68 

0.69 

0.71 

0.72 

0.70 



Oct. 25 


0.72 

0.71 

0.75 

0.77 

0.77 

0.78 

0.74 

0.73 

Oct. 29 


0,72 

0.73 

0.74 

0.75 

0.77 

0.76 

0.70 

0.74 

j\hfv. 4 


0.75 

0.75 

0.77 

0.77 

0.77 

0.75 

0.7() 

0.76 

(duvosr 

Tm'].. 25 


0.75 

0.80 

0.86 

0.86 

0.85 

0.83 

0.83 

0.82 

June 29 


0.68 

0.69 

0.76 

0.75 

0.74 

0,75 

0.75 

0.72 

J one 30 


0.72 

0.71 

0.74 

0.76 

0.70 

0.75 

0,7(i 

0.73 

Oct. 27 

0.75 

0.74 

1 0.80 

0.84 

0.83 

(».83 

0.86 

U.S2 

0.83 

ATu'. 2 

0.74 

0,77 

i 0,78 

0.7i» 

0.70 

1 0.79 ^ 

0.81 

0.79 

0.79 

Fruelose 










Oct. 24 

0,79 

0.80 

1 0.83 

0,86 

0.85 

0.S7 

0.S6 

0.84 

0.84 

Oct. 28 

0.74 

0.81 

0.81 

0.85 

0.82 

0.82 

(181 

0.70 

0.80 

( relactose 

Oct. 20 

0.73 

0.77 

i 0.72 

0.75 

0.70 

i 0.75 

0.77 

0.77 

0.75 

Oet. 31 

0.75 

0.7G 

1 0.77 

0.80 

0.80 

I 0.83 

0.82 

0.83 

0.82 

Nov. 1 

0.71 

0.73 

: 0.72 

0.76 

0.75 

1 0.76 

0.70 

0.77 

0.76 

Nov. 3 

0.76 

0.76 

' 0.79 

0.78 

0.82 

' (181 

0.81 

0.80 

0.7S 


III tlui oii Feb. 25, June 29, and June 30 tlie goat was given the solution to 

drink a few spoonfuls at a. time; in all other experinuuits the solution ivas introduced by 
stoniat'h tube. 

"The first half-houi' period began 21 to 31 min. after ingestion. 

•' 250 ml. of ivater at 37‘’~-38“0. 

^ 25 gni. (if sugar in 125 ml. of water plus 125 ml. of water for rinse^ at 37“-38®C. 

Bolutitui of galactose may not have h<.Htu introduced into the true stomach. 
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two periods and 0.76, 0.77, and 0.76 in the fourth, fifth, and sixth 
periods. Analyses for periods 5, 7, and 8, respectively, of the last three 
experiments Avith water showed a complete absence of methane in the 
expiratory gases and in period 8 on October 25th only 0.012% of 
methane. 

The effect on the E. Q. of the ing-estion of 25 gm. of glucose Avas evi- 
dent in three experiments by the third period and reached its maximum 
in the third and fourth periods in three experiments and in the sixth 
period in tivo experiments. In the tAvo experiments in wdiich base-line 
values were obtained, the maximum rises above the base-line Avere 
0.11 and 0.07. The average quotients for the snccesshm periods after 
ingestion of glucose Avere 0.73, 0.76, 0.80, 0.80, 0.79, 0.80, 0.79, and 0.78. 
The rises in the quotients of these goats in this series of experiments 
were nearly as large as those noted Avith man after the administration 
of 50, 62, or 100 g7n. of glucose. It is assumed that these are true 
metabolic quotients, as an attempt Avas made to introduce the solution 
of glucose into the true stomach and thus avoid fermentation. Un- 
fortunately the methane content of the chamber air Avas determined 
in only three periods in the glucose experiments (period 8 after glucose 
on October 27th and periods 4 and 7 on November 2nd). In these in- 
stances it was found to be 0.007, 0.003, aird 0.024%, respectUely. It is 
questionable Avhether the maximum amount is significant. 

There are some indications that the metabolism of carbohydrates is 
different in raminants from that in other mammals. IvrzyAvanek and 
Briiggemann ( ’33) report that the administration of glucose into the 
true stomach of the sheep had no appreciable effect on the level of 
blood sugar. This absence of effect they ascribe to fermentation of 
the sugar in the stomach of the ruminant. Cutler (’34) found that the 
normal resting blood sugar of tAventy-six goats ranged in the majority 
of cases from 40 to 50 mg. per 100 ml. and that the oral administration 
of 1.5 gm. of glucose per kilogram of body weight caused the blood 
sugar to rise from a base-line of 42 mg. to only 59 mg. She offered as 
an explanation that the goat is a ruminant and, therefore, possibly the 
rate of absorption is relatively sIoav. Magee ( ’32) found that the Idood 
SAigar of goats rose from a base-line of 80 mg. to 110 mg. per 100 ml. 
after 50 gm. of sucrose and 150 gm. of starch, Avlien the animal had 
fasted 48 hours. After longer fasting, the rise Avas not so great. 

The effect on the B. Q. of the ingestion of 25 gm. of I’ructose Avas 
evident promptly, as there was a definite rise above the base-line In 
the first and second periods after the dose. The maximum occurred 
in the third and fifth periods. The average quotients after fructose 
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were, by 0.81, 0.82, 0.86, 0.84, 0.85, 0.84, 0.82, and 0.82. Sig- 

nificant anKfunts of methane were detectable in only two of the periods 
after fructose in which these analyses were made (October 24th, periods 
3 and 8, 0.007 and 0.041%; October 28th, periods 4 and 8, 0.006 and 
0.025% ). The maximum rise was lower and occurred later with the 
goat than with man after administration of 50 or 100 gm. of fructose. 
The effect of fructose on the E. Q. of the goat resembles more nearly 
that found with cats (unpublished experiments) than tlmt noted with 
man and with monkeys (Oarpenter and Hartman, ’44). 

The effect, of the inge.stion of 25 gm. of galactose wms evident in all 
four experiments by the fourth period. TJie results in the experiment 
on October 2t)th were irregular. It is possible that the solution might 
not have been introduced into the true stomach. However, the two 
analyses made for methane in this experiment indicate no fermentation. 
The last four pjeiiods in this experiment show a distinct rise in the 
E. Q. The maxinmm rises in the other three exi)eriments wmre 0.08, 
0.06, and 0.06 in the fifth, seventh, and fourth periods, respectively, 
after administration of the sugar. The average quotients after galac- 
tose were, by pieriods, 0.76, 0.75, 0.77, 0.77, 0.79, 0.79, 0.79, and 0.78. 
These resemble closely those after the ingestion of 25 gm. of glucose. 
Analyses for methane were made in a total of nine periods. In the 
several experiments, in the third period after ingestion of galactose, 
the metlnnie values wmre 0.0, 0.015, 0.013, and 0.015%', respjectively, and 
in the sixth or the seventh period they wmi-e 0.0, 0.031, 0.012, and 0.035%, 
respectively. In the eighth period on November 1st, one analysis 
showT'd 0.008% . In other words, in three experiments a measurable 
amount of methane was found in the third and the sixth or the seventh 
period after ingestion of galactose, but in the experiment in which 
it wms doubted whether the solution was placed in the true stomach 
no methane wms found. The finding of methane in several periods 
indicates that the metabolism of galactose in these goats was accom- 
panied by fermentation. The effects of such amounts of methane on 
the E. Q. are negligible. The changes in the quotients of goats after 
galactose ingestion differ fi’om those with man aftei* 50 gm. of galac- 
tose, as the rise with man is much greater and the peak occurs earlier 
than with goats. 

Heat prodiietion and metabolism of carbohydrates 

The values for the heat production in the basal periods, calculated 
to the basis of 4 hours from the measurements of the respiratory ex- 
change, and for the heat production during the 4 hours of measure- 
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meiit after the ingestion of water and of the sugars are given in table 2. 
The values are not corrected for activity, as the purpose of the calcu- 
lation of the heat production was to estimate the nietabolLsm of the 
carbohydrates. Because of the variability in activity, no conclusions 
can be drawn as to the effects of ingestion of water or of the sugars 
on the output of energy. The metabolism of carbohydrates was calcu- 
lated in the usual empirical manner from the measurements of the 
respiratory exchange, after correction for the metabolism of protein 
on the assumption that 15% of the oxygen absorption wms aseribable 
to the oxidation of protein. The values are given in table 2. 

TABLE 2 


Tlvat production and mciaholinrii of carhohydratCsS heforc and after ingestion 
of water or sugar hy goats. 

( rallies per 4 hours) 


DOSE ^ 

AND DATE 

GOAT 

NO. 


BODV 

HEAT PHODUCTION 

CAIIBOIIYDRATK 

M ETABOLIZED 


WEIGHT 

Baseline 

After dose 

BustiUne 

1 Aftei* dose 

1 

19S8 



ha. 

ml. 

cut. 

gw. 

' am. 

Water 







1 

June 29 

8 

M 

33.3 


198 


0.0 

June 30 

9 

M 

33.3 


201 

, . . 

0.0 

Oct. 25 

2 

M 

37.0 


177 


3.6 

Oct. 29 

6 

F 

41.5 


189 


3.8 

Nov. 4 

5 

F 

45.1 

* 

207 


6.5 

Glucose 








Feb. 25 

7 

F 

42.9 


177 


: 14.8 ^ 

June 29 

S 

M 

33.3 


204 


1.7^ 

June 30 

9 

M 

33.3 


196 


1 3.1 ^ 

Oet. 27 

4 

F 

39.2 

179 

173 

3.5 

! 13.2 

Nov. 2 

3 

F 

35.8 

114 

i 149 


8.3 

Fructose 








Oet. 24 

2 

M 

39.2 

197 

201 

10.6 

! 19.8 

Oct. 28 

5 

F 

43.8 

217 

227 

4.0 

i 16.9 

Galactose 








Oct. 26 

3 

F 

35.4 

186 “ 

165 ” 

3.0 

1 4.2 ■'* 

Oct. 31 

1 

M 

39.5 

167 

168 

3.6 

11.4 

Nov. 1 

2 

M 

36.7 

189=^ 

168 

0.0 

1 3.8 

Nov. 3 

4 

F 

1 40.6 

164 

; 166 

5.0 

i 9.5 


the experiments on Feb. 25, June 29, and June 30 the goat was given the solution to 
drink a few spoonfuls at a tiniej in all other experiments the vsolution was introduced by 
stomach tube. 

®Goat active. 

^ Solution of galactose may not have been introduced into the true stomach. 
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Tlie amounis of carljobydrate utilized in 4 hours in tlxe base-line 
jjeriods varied from 0 to 10.6 gm. The majority were under 4 gm. As 
no base-line values were determined in the experiments with water, 
no conclusion can be drawm regarding the elfeet of ingestion of water 
o]i the metabolism of carbohydrates. However, from the changes in 
the R. (^. in the experiments with water and from tlie general level 
of the base-line values for cai'bohydrate metabolized in the other series 
of experiments, ther(.> is evidence in three of the experiments that the 
metabolism of earboliydi’ates was slightly increased after the ingestion 
of 200 ml. of water. In the expeinments with the sugars, the metabolism 
of carbohydrates was highest after the ingestion of fructose, both from 
the standpoint of alisolute values and from the standpoint of increases 
above the base-line values. Even when the base-line value was high 
(10.6 gm. with a base-line R. Q. of 0.79), there was an increase of 9.2 gm. 
The carbohydrate metabolized after ingestion of glucose was the next in 
order of increase above the base-line, if the experiments in which the 
sugar was not given ))y stomach tube are disregarded. After ingestion 
of galactose the increases w^ere the least, except in one experiment 
where the increase was 7.8 gm. With man the greatest increase is after 
fructose ingestion, whereas the increases after administration of the 
other two sugars are less and about the same. • The rate of metabolism 
of carbohydrate after fructose ingestion is so high with goats that 
25 gm. of this sugar might not .suffice for much longer than 8 hours, 
whereas 25 gm. of galactose might supply the necessary carbohydrate 
for from 12 to 24 hours. 


SUMMAEV 

Tlie respiratory exchanges of four male and five female adult goats 
were determined 40 hours after withdrawal from food (1) under basal 
conditions and (2) in eight successive 1-hour periods after the admini- 
stration by stomach tube of 250 ml. of water at 37°-38°C., or of 25 gm. 
of glucose, fructose, or galactose dissolved in 125 ml. of water and an 
additional 125 nd. of water for rinsing. 

Water produced a slight but somewhat delayed increase in the R. Q. 
Fructose caused the greatest increase in the R. Q. and the greatest 
increase in the metaholi.sm of carbohydrates. Glucose was iiext in these 
effects, and galactose had the least effects. Qualitatively these results 
resemble much those found ■with man with these sugars. There was 
evidence of a slight amount of fermentation after the ingestion of 
galactose and of fructose by the goats. 
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THE ROLE OF DIETARY FAT AND LINOLEIC ACID IN 
THE LACTATION OF THE RAT 

, 1 . K. LOOSTJ, JOHN 1’. LlNGJiNi’KLTEK. J. W]\r. THOMAS 
AND L. A. MAyNAET) 

LiihoraJorii of Animal CnrnvU Vnivcmitify Tlhacn, Now TorZ; 

(RiH'dved for piiblii'ation April 13, 1044) 


111 a long' series of experiments summarized by Mayjiard and co- 
workers in IfHl it has been shown that dietary fat stimulates milk 
secretion in dairy cows. A somew^hat greater quantity of milk was con- 
sistently jirodueed on the higher fat diet. Maynard and Rasmnssew 
( ’42) used the growtli rate of standardized litters to demonstrate that 
high-fat diets support better lactation performance in rats than low- 
fat diets. Corn oil and crude coconut oil seemed to have a similar 
effect despite their widely different fatty acid makeup. 

In order to investigate possible explanations of the effect of fat on 
lactation performance experiments were set up to measure the growth 
of litters whose mothers were fed a diet free from fat as compared with 
varying amounts of corn oil, and hydrogenated fat. The composition 
of the diets is shown in table 1. 


METHODS 

Mature female rats which had previously littered were mated and 
caged separately before parturition. Aftei- 12 but before 24 liours 
following parturition, the feed was removed and the litters standardized 
to six. Females were selected in pairs, triiffets or quadruplets that 
were similar in body weight and in \veight of litter for comparison of 
the diets. The females were fed equicaloric amounts of food usually 
corresponding to that consumed by the female on the fat-free diet. The 
young and mothers were weighed daily during a 17-day period to 
follow growth increases and to note individual characteristics of the 
litter. On the morning- ending the 17-day period the young v'ere ether- 
ized, the viscera removed and the carcasses frozen until chemical 
analyses were made. The results obtained with four females on each 
treatment ai-e showm in table 2. 

It is scam that when the diet contained 5.0, 11.3, or 19.2% of corn 
oil the grow-th of the litters was definitely superior to that on the loAv 
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fat diet. This suggested that an essential nutrient element was being- 
supplied to satisfy metabolic needs at all levels of corn oil fed. 

Comparisons were then made of the low-fat, corn oil and hydrogen- 
ated corn oil diets using trios of rats. The results (table 2) show the 
superiority of the corn oil over the low-fat diet. On the diet containing 
hydrogenated corn oil the young made less gain in weight than on 
the low-fat diet and the mothers lost more weight. These results 
cannot be given much reliance because balance studies revealed that 
as an average only 54.3% of the hydrogenated corn oil was absoi-bed, 
and, therefore, the calories available for maintenance and lactation 
were appreciably less than for the mothers fed the low-fat or corn 
oil diets. 

Hydrogenated coconut oil was next selected for comparison because 
of its relatively low melting point and high digestibility (Hoag land and 
Snider, ’43). In this comparison (table 2) less growth was obtained 
on the diet containing hydrogenated coconut oil than on the low-fat diet. 

Carcass analyses of the young from these three studies showed that 
most of the extra gain in weight of the young on the com oil diet was 
due to the deposition of extra body fat. Thei-e was only a sligbt in- 
crease in total protein deposited. 

These data confirmed the earlier study from this laboratory in show- 
ing that corn oil in the diet of rats stimulates lactation performance. 
It appeared that . something in corn oil, lost by hydrogenation, was 
responsible for the faster growth of the young rats. The possibility of 
a deficiency of the essential fatty acids presented itself. 

Linoleic acid not the first limitmg factor 

To test the possibility that a deficiency of linoleic acid was retard- 
ing the growth of the young, two female rats with litters standardized 
to six were at parturition placed on a fat-free diet (described later). 
Each litter was divided into two groups of three. To one group of the 
young nursed by each mother was fed 1 drop of ethyl linolate per da>'. 
To the other group was given 1 drop of fully hydrogenated coconut oil 
per day. The feeding period was extended to 17 days. In neitlier case 
could any significant advantage be asse.ssed to the group receiving the 
ethyl linolate. 

On the basis of this preliminary test it was felt that any advantage 
due to ethyl linolate would result from a stimulus to the lactation 
process, and that poor growth of the young on the low-fat diet was not 
due to a deficiency of the essential fatty acids in the milk. 
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To test the lactation response due to linoleie acdd and to obtain more 
data on the value of hydrogenated coconut oil four different nutrient 
compaiusons were studied. Tliey were, an ether extracted purified 
diet, the same supplemented with 125 mg. of ethyl linolate for each rat 
daily, a purified diet containing 10% hydrogenated coconut oil, and 
a purified diet containing 10% corn oil. The same low-fat diet shown 
in table 1 was used except that the corn starch was replaced Avith 

TABLE 1 


Coinjwsition. of dirU. 


INnilKDlENT 

now 

I'AT 

COllN 

OIL 

CORN 

OIL 

CORN 

OIL 

KYDEO- 
OE lATATED 
CORN Olb ' 

HYDRO-! 
UENATED 
('OCOXUT OIL 


partu 

parta 

parts 

jmrts 

parts 

parts 

Casein 

20 

20 

20 

20 

20 

20 

Y ea st ( extra e te d ) 

5 

5 

5 

5 

5 

5 

Corn starch 

40 

25 

30 

35 

25 

36.3 

Sucrose 

Bone meal 

30 

11.3 

17 

23.4 

11.3 

* • 

(extracted) 

Salts 

2 

2 

o 

2 

2 

2 

(Hawk and Osier) 


3 

3 

3 

3 

3 

Choline 

0.1 

0.1 

0.1 

0,1 

0.1 

0.1 

Cystine 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Pat 


15 

10 

5 

15 

15 

Total 

100.3 

81.6 

87.3 

93.7 

S1.6 

81.5 

Protein % 

16.9 

23.3 

21.6 

20.4 

21.8 

24.7 

Pat % 

0.2 

19.2 

11.3 

5.5 

17.3 

18.5 

Ash % 

5.2 

5.4 

5.8 

4.6 

5.7 

5.5 


^The corn oil was liydrogeiiated in our laboratory to an l.T. of 30. 

2 The h^^lrogenated eocoiuit oil (I.V. 0.6) was kindly furnished by Lover Brothers, New York, 

N. Y. 

Each female received daily 40 I.IJ, of vitamin A, 4 I.U. of \dtanuii B, 0.2 mg. of alpha- 
tocopherol and 15 drops of rice bran concentrate, '^‘Yitab^k The fennales were irradiated for 
30 minutes three times each week. 

sucrose. In the high-fat diet 10 parts of the oil replaced an equiealoric 
amount of sucrose. The casein, yeast and bonemeal Avere extracted 
with ethyl ether continuously for 48 hours. The corn oil used in diet 3 
was a purified gi-ade with an iodine value of 126.3. The hydrogenated 
coconut oil used had an iodine value of 0.6. The Osborne and Mendel 
salt mixture was used. Genei'ally a fat-free base was mixed. The 
appropriate amount of sucrose or fat to give the three diets was then 
added to it. The nutritive ratios of these diets were so adjusted that 
they would be the same when equal calorie intakes were fed. One gram 
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of the low-fat diet was feci to supply the same ininilMT of s-alories as 
0.899 gm. of the high-fat diets. Aiiaiyses siiowed that tin- ether-c.x- 


tracted diet contained 18.2% of protein, 0. 


fat and Tfi.d''. f 

hydrates, the corn oil diet 22.0% of protein, 10.2% of fat and 
carbohydrates. 

The 'mother rats received supplements of tlu? fat sohiblo vitamins 
dissolved in hydrogenated coconut oil. One drop »»f tin- supplmmmt.s 
was given three times each week to supply 128 gg. .B-*'arolo!!o, 909 ug. 
2 methyl 1-4 napthoquinone, 21 mg. tocopherol, and 708 I'.S.P. unit.^ 
of vitamin D weekly. Vitamin K tvas included in this su}q:>Jement in 
view of the report of Harris and Mosher (’40) that rats iiniv develoj) 


TABLE 2 

The average groivth and composition of liters of rats (ni an fther fVtraeUii #/•'*/ tiad itifh 
added corn oily hydrogenated corn (dil or coeonnt od. 


PIBT 

rVROEXT 

FAT 

CAnOETC 

INTAKE 

PKOTEIN 

INTAKE 

ffiANiU; IN 
w'KKnrr of 
MOTUER.S 

tOMN <‘F 
LITTEK 

< AlO’ 1 

I'r-df'lo 

N'i EN’5' 5tr 

F.'jf ' 




f/itl. 

fplh 

OP, 

'/n 


JEther extracted 

0.2 

1707 

83.0 

^ 0 

121.9 

17.9 

ItlO 

Corn oil 

5.5 

1752 

93.6 

-f 3 

InlM 

21,3 

24. S 

Corn oil 

11.3 

1762 

94.0 

8 

Hi 1.2 


29.{< 

Corn oil 

19.2 

1692 

89,3 

.^17 

150,1 

2??. 7 

24. S 

Ether extracted 

0.2 

1854 

90.0 

+ 3, 

131.7 

2ib! 

17.6 

Corn oil 
Hydrogenated 

19,2 

1847 

97.4 

-15 

164.8 

22.2 


eorn oil 

17.3 

ISLo 

98.0 

— *^5 

114.3 

17.7 

13.1 

Ether extructud 
Hydrogenated 

0.2 

1546 

74.5 

- 11 

15S.fi 

24.1 

22.0 

coconut oil 

18.5 

1536 

86.3 

- 8 

134.0 

20.9 

19.0 


^Tlie dried t^areasses were extracted with a iiiixtiire of aiiliydroHs ethyl ether oU parts anti 
ahsolute ethyl alcohol 50 parts by volume. 


B vitainiii Iv ctefioiciicy wlieii iiiciintcdiiBil on a dit^t ctodoioiog’ uri 
abnormal dietary fat constituent (dihydroxy-.stearic atad) as its iua,j(»r 
fatty component. Trvo drops of a rice bran t'oiu'eiitrate ’ woja^ ad- 
nnnistered daily as a source of B-complex vitamin.^. Btbyl linolutc was 
fed by dropper in 125 mg. daily dosages. 

Mother rats were selected in quadruplets according to bodv weight, 
age and weight of litter, one for each dietary. In all, seveii animals 
were fed equal calorie amounts of each diet and the weight change of 
mother and young recorded a.s formerly. Tlie average nutrient intakes 
and weights of the four groups are .showm in table 3. 

> Vital). 
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TABLE 3 


X lit r lent 

ipitalces, 

lire ivcliflrtpi 

and weiidii 

gains of 

rats studied. 


Vim' 

TOTAL 

INTAKE 

PEOTETN 

INTAKE 

INITIAL tVEKtUT 

Mother Litter 

WEIOHT 

CHANGE 

OF MOTHERS 

winoiiT 

O.AIN 

OF LITTER 


CV(?. 

f/m . 


gm. 

gm. 

gni- 

.Ether extnieted 
Hydrogenated 

3258 

59.8 

■ 217 

85.6 

18 

110.0 

coconut oil 

1220 

63.2 

257 

85.0 

-- 21 

107.9 

Corn oil 

Ether extracted plus 
mg. of ethyl 

1220 

68.8 

248 

88.2 

—9 

129.1 

linolate 

Least dift'erence 

3 241 

58.4 

260 

86.4 

~ 21 

132.1 ^ 

(odds of 1 : 100) 
Bignifieance of 





24 

19.0 

difference 



n.s 

ns 

ns 

8S 


Tlie initial weiglits of the females and litters were quite similar. 
As an average, the mothers lost weight while suckling their young but 
no correlation could be shoAvn between weight loss of the mothers and 
diets fed (or gain in weight of the litter). This differs from the obser- 
vation of Maynard and Rasmussen (’42). They found that the mothers 
fed high fat diets lost more weight, or gained less, during lactation 
than those fed low-fat diets. 

The gain in weight of those littei's on the corn oil diet was decidedly 
greater than those of the other three diets. 

It seemed important to measure the digestibility of the coconut oil 
since a low absorption would decrease the calories available and de- 
press lactation performance. Studies were, therefore, carried out to 
compare the absorption of coni oil and hydrogenated oil when they 
constituted 10.2% of the same diets used in the lactation experiments. 
The average percentage of apparent digestibility determined with 
seven adult female rats was 92.3 for hydrogenated coconut oil and 
94.5 for corn oil. It is clear that the ditferences in lactation response 
cannot be explained on the basis of absorption of the energy. 

Carcas.s analyses of the litters reared on the ditf event diets were 
made to determine the exact nature of the extra gain in body weight 
of the young suckled by mothers fed corn oil. The frozen carcasses were 
ground and dried in vacuo under COo at 60°C. for 48 to 72 honrs until 
constant weight was obtained. 

For determination of the body fat a saponification method modified 
after that of Hurst ( ’33) was used. The ground, dried carcasses (about 
50 gm.) were placed in a tall 600 ml. beaker and an equal weight of 
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KOH 200 ml. EtOH, and 100 ml. of water were added. Tliev were then 
Lated on a hot plate just below boiling for li to 2 lionr.s 50 ml wjier 
waffitr ^ohxtion boiled for 30 minutes. Ollm sidulim. 

wasbS m"tb hotT O undissolved particles and 

^ J HsO, making up to 300 ml. final volume. 

-1 rising the Eose-Gottlieb wet e.vtraetion nr,.- 

eecme. r if teen ml. soap solution were acidified with 15 ml dO'" iici 
and lo ml. 95% EtOH added - 

portions of a mixture (1 i\ ' f « actions were made with 50 ml. 

amds ,v«e dried mX- CO at '"“J’ 

Ti„ iod™ values 

determined by the A.O.A.C. method. ' ^ ^ 

The results of the analyses for dry matter fat n^id • r 
are shown in table 4. ^ aitei, tat, and iodine number 

table 4 


Avemoe cracaa, pomposition of the Utters. 



Etlier extracted 
Coconut oil 
Coni oil 

J^tlier extracted 5 vitli 
ethyl liiiolate 
i^east d.ifferejice 
(odds of 1 ; 100) 

B^iiitlcaiiee of 

differtmee 


132.8 


8,5 

3.0 

8S 


25.9 

4.7 

'ns 


64.0 

8.4. 

SS 


lilt corn oil group contained more total d.-v 
than any of the other three ctouds Hntlf ^1, ^^^al fat 

in the carcasses of all grouns waci '-,n « non-fat dry matter 

nificant difference (odds of 1 ^>0Hn S only a barely sig- 

PracUcaUy all „, the eL/a gif “ 1^4 „ t, 
accounted for by increase in fat eonten ^ 

expected, the group on unsaturatedIoir"]T'‘'''‘™^ variations. As 
increase m iodine mnnber. The averao-e ind'^ ^ significant 
supplemented with ethvi linn?.,! ^‘'dme number of the o-mnn 

;>.« .re, .a „a o? 

fats of the group receiving ethyl linolatp x m 
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Milk fat and total solids were obtained from the stomach of the 
young rats killed immediately after they had suckled for a standardized 
period. The data were so variable that no relation could he shown 
between the diets fed and the amount of dry matter or fat secreted. 
The iodine numbers of the milk fats obtained on the respective diets 
were as follows : ether-estraeted diet, 23.1 ; coconut oil diet, 26.6 ; corn 
oil diet, 37.8 ; ether-extracted diet wdth ethyl linolate 38.3. 

The iodine numbers of tJie milk fat on the corn oil diet and on the 
extracted diet supplemented with 125 mg. of ethyl hnolate per day 
were significantly higher than those on the other twm diets (the least 
difference for odds of 1:20 was 11.7). The milk fat on the corn oil 
diet was always liquid and possessed a yellow-brown coloration while 
that on the extracted diet ivas rather clear and serai-solid or solid 
at room temperature. The litters from the corn oil diets had more 
oily skins and never developed a temporary scaliness which was some- 
times observed in the other litters. 

DISCUSSION 

The data presented show that suckling rats make more rapid growth 
when their mothers are fed a purified diet containing corn oil than 
when fed a fat-free diet. This confirms the findings of Maynard and 
Basmnssen (’42). That all fats do not have equal values for lactation 
is shown by the fact that with the diet containing fully hydrogenated 
coconut oil the growth response was no better than with the fat-free 
diet. In the earlier study crude coconut oil appeared to be about equal 
to corn oil. This difference in response suggests that certain nn- 
saturated fatty acids stimulate lactation perfoimance. It appears 
clear that the more rapid growth of the young which were suckling 
mothers fed the corn oil diet is due either to the production of more 
milk or to an alteration in the quality of the milk in such a way that 
growth of the young is stimulated. 

Feeding 125 mg. of ethyl linolate to each laetating female daily did 
not improve the growth of the young as compared with the ether ex- 
tracted diet. Thus, this essential fatty acid does not appear to be a 
limiting factor in the growth of the suckling' rats in these studies. 
And, as pointed out by Burr and Barnes ( ’43) one would hardly expect 
it to do so because of the large storage of linoleie acid and the short 
experimental period employed. Also supporting the view that linoleie 
acid is not a limiting factor in this particular case is the fact that feed- 
ing ethyl linolate to the young did not improve the rate of gain. 
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Qiiackenbusil, Ivmnmerow and Steeubock (’42) t'onnd that body tats 
of vats suffering from an essential fatty acid deficiency hud higher 
iodine values than those which had received a .supplement ot ethyi 
linolate. In our study the iodine iiumber.s of the l>ody fats of young 
rats on the low-fat diet were lower than those on the corn oil diet 1 urther 
suggesting that a deficiency of linoleic acid was not a factor limiting 
growth on the low-fat diet. 

Forbes and Swift (’43) have shown that the addition of fat to a 
diet of protein and carbohydrates decreases the heat increineut and 
thus increases the net energy value of the diet. Such an effect could 
explain the results observed on the corn oil and the fat-free diet but 
would offer no explanation of the poor response on hydrogenated 
coconut oil. It is evident that the kind of fat is an important factor. 


StlMMAEV 

Studie.s are reported in which the growth of standardized litters to 
17 days of age is used as a measure of lactation performance. In these 
studies rats suckled by mothers fed a diet containing corn oil matb? 
more rapid growth than rats whose mothers were fed a fat-free diet. 
Carcass analyses showed that the extra gain of the young consisted 
largely of fat. 

A diet containing hydrogenated coconut oil gave no better growth 
than the fat-free diet. No improvement in growth of the young was 
produced by feeding ethyl linolate to the mothers or directly to the 
young. Similarly, feeding the mothers 12.5 mg. of ethyi linolate each 
day did not improve the lactation response on the fat-free diet. 
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THE VITAMIN C LEVEL OF THE BLOOD PLASMA 
IN GUINEA PIGS 

LEONARD KAREL AND C. \V. CHAPMAN 

Department of Fharmacolopy, University of Maryland School of Pharmacy, Baltimore 

ONE FIGURE 

(First reeeivocl for puhluTitioii June 12, 1041; revised draft received May 12, 1044) 

In tile literatm'e on vitamin C detei-minations in hnnians tliere are 
comments on tlie inadequacy of rnakiiia' a single, random determination 
of ascorbic acid in the blood and on the importance of acciu’ately con- 
trolling the time elapsing between successive tests for the vitamin in 
consecutively drawn blood specimens. With the exception of the work 
of Eohmer et al. (’35) and Zilva (’37), none of the studies on guinea 
pigs considers these points. Reported normal levels of blood vitamin 
C values range from approximately 0.0 mg. % to 1.08 mg. 

It is the purpose of this paper to show' that the vitamin 0 determina- 
tions on the blood plasma of guinea pigs are of value only when the 
time elapsing between the intake of the vitamin and the withdrawal 
of the blood sample is considered ; that the initial value is not a reliable 
index of the state of vitamin C uuti’ition of the animal; and that, unless 
the sampling error is knowm, a correct interpretation of the experimen- 
tal data cannot be made. 


EXPERIMENTAL 

Guinea pigs of both sexes, weighing approximately 250 to 450 gm., 
were fed for several days before being used, a diet consistmg of ad 
libitum quantities of hay; rolled oats each 100 gm. of Avhich was mixed 
with 0.25 gm. of sodium chloride, 0.5 gm. of dried brewer’s yeast ^ and 
1 ml. of U.S.P. XL cod liver oil; greens, except on Sunday, consisting 
chiefly of cabbage, celery and carrots ; and fresh water. 

Ascorbic acid injections wmre made intraperitoneally in amounts re- 
gardless of body weight, since the animals were all wdthin the same 
weight range. 

Blood samples wmre obtained by lightly anesthetizing the animals 
with ether and withdrawing 0.5 to 1.0 ml. of blood by cardiac puncture. 
The survivors were used again after resting for a minimum of 3 
days. 

^ Fleiselimanii. 
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Tlie determinations of reduced vitamin 0 were made by the micro 
method of Farmer and Abt ('34:-’35), (’36). A calibrated 0.2 ml. bur- 
ette gradxiated in thousandths of a ml. and fitted with a stojX'oek ami 
a fine capillary was’ used. Titrations were made with the bnvette lield 
in a vertical position. Transfers of liqnid of 0.2 ml. or less were made 
with a 0.2 ml. pipette graduated in thonsandths of a ml. Determinations 
were made in triplicate on each sample of plasma. The accuracy of tliis 
method was 5.4 {+ 3.9) 70 - 

In experiment I, plasma vitamin C. determinations were made with- 
out exact time controls and at different times of day (table 1). 

TABLE 1 


Baiidom determmatmis of viimnin C in il\e Mood plmmn of nonml (lulnat 


NUMBER. OF 

ANIMAIiSIN 

EACH GROUP 

TIME OF DETER- 
MINATION AFTER 

FEEDING GREENS 
(AD LIBITU'M ) 

PLASMA VITAMIN C 
MEAN ± 

STANDARD DEVIATION 


Hours 

Mff, Yf' 

Group I. (6) 

2-3 

0,53 ± 0,20 

Group 11. (30) 

3-0 

. 0.38 ± 0.15 

Group III. (12) 

4~6 

0.72 0.51 

Group lY. (6) , 

15-17 

0.10 i: 0.00 

Group Y. (20) 

19-20 

0,14 ± 0.08 

Group YI. (32) 

42-44 

0,16 ±0.11 

Total 'Tioe') 

(iSIo greens 
on Sunday) 



Weighted mean for all animals 0,30 mg. % 

Standard deviation ±: 0,20 mg. % 

Standard error ± 0.02 mg. ?r 


Experiments II, III, and IV, described below, indicate the rapidity 
Avith which the redneed form of the vitamin disappears from the blood. 

Experiment II was divided into four parts as follows : (a) Each of nine 
gxiinea pigs on the regular diet pins greens ad libitum was injected 
intraperitoneally with 2.5 mg. of ascorbic acid at 0, 24, 72, and 96 hours. 
Twenty-four hours after the last injection of ascorbic acid, blood sam- 
ples were obtained for analy.sis. On the day of vitamin 0 determination, 
no greens were fed.- Tlie mean value of reduced vitamin C in the plasma 
was 0.07 mg. % with a standard deviation of ±; 0.15. 

(b) Each of fourteen animals Avas injected with 5.0 mg. of ascorbic 
acid at 0, 24, and 48 hours. Blood samples Avere taken 17 hon)*.s after 
the last injection. No greens Avere fed on the day of vitamin C deter- 
mination. The plasma values Avere 0.06 ± 0.06 mg. %. 

(c) Each of six animals wms administered 10.0 mg. of ascorbic acid, 
at Avhich time all greens were removed. Four hours after the injoctionj 
the vitamin C content of the plasma Avas 0.51 ±: 0.46 mg. %, 
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(d) Six animals were fed greens at 9:45 a. m.; no injections were 
given tliese animals. Two lionrs later, a blood sample was drawn, and 
all greens were removed from tbe cages. Tbe value for tMs sample 
was 0.32 ±: 0.12 mg. %. Five hours after tbe withdrawal of the greens, 
the mean value was 0.08 ±0.04 mg. %. 

In experiment III, each of nineteen guinea pigs was injected with 
10.0 mg. of ascorbic acid. At the end of 1, 3, and 7 hours after the in- 
jection, each of the animals was bled, and the reduced vitamin C con- 
tent of the plasma determined. A similar experiment was conducted 
with eighteen animals for the time intervals of 1, 14, and 4 hours. The 
results appear in figure 1. 



Fig. 1 Kate ol: disappoa ranee of blood plasma vitamin C in guinea i)igs folloiviiig an 
intraperitonoal iiijeetion of 10.0 mg. of ascorbic acid. Numbers in ]iarentheses represent 
tlie ninnber of animals on each determination. Numbers indicated by arrows are the stainUird 
deviations for the respective plotted values on the graph. 

In experiment IV, the effect of 20 hours of starvation was determined. 
Twelve guinea pigs were used. The initial plasma vitamin C level was 
0.72 ± 0.51 mg. %. After starvation, the value was 0.12 ± 0.07 mg. %. 
On May 29tii, the experiment was repeated with twenty guinea pigs. 
The initial value was 0.14 ± 0.08 mg. %. After the 20 hours of star- 
vation, the level had dropped to 0.01 ± 0.03 mg. %. For all thirty-two 
animals before starvation, the weighted mean value was 0.36 ± 0.24 
mg. % ; after 20 hours of starvation, 0.05 ± 0.05 mg. %. This is a 
reduction of over 86%. 
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BISODSSTON 

It is apparent tliat tlie reduced vitamin C content of tlje plasma of 
j;;uinea pigs depends on the time elapsing’ between the consumption of 
vitamin (I and the witlidrawal of the blood sample foi’ the vitamin 
determination. In figure 1, for example, there is a significant difference 
of means lietween the values for a hour and 1 hour, between the values 
for 1 lioui- and o Itours, and between those for 3 hours and 7 hours 
whtm “t” is greater than 2.00 (Fisher, ’34). 

From t:d)los 1 and 2, it is obvious that the individual variation in 
the vitamin C blood plasma levels of guinea pigs is large. 


TABLE 2 


(llft'erenec of means for values given in tahle 1} 


OKOIU’ 

1 

0.53 MO. 

11 

o.a8 MG. 

m 

0 0.72 MG. 

rv 

0.16 MG. 

V 

0.14 MO. 

VI 

0,16 MG, 


% 

% 

% 

Vo 

% 

% 

I 0,53 mg. % 


1.15 

1.06 

3.48 

3.60 

3.36 

n 0.3S mg. % 

1.15 

. . . 

2.00 

2.B4 

2.72 

2J8 

Til 0.72 mg. % 

1.06 

2.00 


S.7S 

3.04 

t> %8 0 

IV 0.10 mg. % 

SJS 


S,78 


0.63 

0.00 

V 0.14 mg. % 

gM 

2,73 

SM 

0.63 


O.Tf) 

VI (111) mg. % 

S.SG 

248 

3.S0 

0.00 

0.76 



^ Aj] y liguro in itnlihfi is cousiderFil to indicate a significant differeiiee, since this figure gives 
u i»i'(d)tibiLit.y ot‘ not less than 1 in :20 that the difference would arise by chance. 


COKCLU>STON 

It is conelnded, tberefore, that a single, random determination of the 
reduced ascorbic acid content of the plasma of guinea pigs is not in- 
dicative of the state of vitamin C nutrition of the animal. In the de- 
termination of the state of vitamin C saturation or depletion of guinea 
pigs, the individual variation and the time elapsing- betAveen the last 
intake of the Autamin and the AvithdraAA-al of the blood sample from the 
animal should he considered. 
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FUETHER STUDIES ON THE VITAMIN C METABOLISM 
OP PEESCHOOL CHILDREN 


FEIEDA L. MEYEE=' AND MILIOENT L. HATHAWAY 

Ne'W Tifi’l: Staie College of Eomc 'Economics^ Cornell Vnh'vrslty, Ithaca 

(^Keeeived for publication September 24^ 1943) 


The data pi'esented here are part of a larger study on the influence 
of changes in the ascorbic acid and citrate content of the diet on the 
ascorbic acid, citric acid, calcium, phosphorus, and nitrogen metabolism 
of preschool children. Data on the minimum amount of ascorbic acid 
required to maititain tissue saturation in four preschool children have 
been published previously (Hathaway and Meyer, ’41). The present 
report is an extension of this earlier work on vitamin G metabolism 
using eig'ht more children, and also furnishes data on the effect of 
supplements of ascorbic acid, potassium citrate, and orange juice on 
the excretion and apparent utilization of ascorbic acid.^ The effect of 
these supplements on calcium, phosphorus, nitrogen and citric acid 
metabolism will be reported separately. 

EXPEBIMENTAE 

Plan of the experiment 

Two groups of four children each lived at the college laboratory- 
apartment for 5 months. During a preliminary period of about a week 
they became adjusted to their new^ environment, and the amount of 
food each child could easily consume was determined. Standardized 
amounts of the basal foods were consumed not only for each 7-day 
period, but also for the entire 20 weeks of the experiment. Supplements 
of crystalline ascorbic acid, potassium citrate, and orange juice were 
given as indicated in table 1. The amount of potassium citrate used, 
3.38 grn., corresponded to the amount of citric acid and its salts calcu- 
lated to be present in 200 ml. of orange juice, i.e., the amount of orange 
juice which is needed to supply 100 mg. of ascorbic acid. 

^ Now at Wa 3 ’'ne Uiiiveysity Medical College^ DepartineBt of Surgery, Detroit, Midi, 

“ A detailed report of this study is given in the dissertation submitted by Frieda L. Meyer 
in partial fuMlbmmt of the requirements for the degree of Doctor of Philosophy in the 
Oraduate School of Cornell University, October, 1943. 
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TABLB 1 

Average daily ascorbic acid intahes and ‘ ' uinisation ' values by perinds 
for eight preschool cMMren. 


period 


19-^ (Ml 

INT-UCIiJ “TJ'rJLIZATION” 


Diet Siipplment 


ISmM2 


i:mtake 

•Dip.t Supplomeut 


*‘ui'rr,L;ATToy'’ 



TtW- 

•hig. 

mg 

•. tng 

mo 

'■ mg. 

I 

23 

100 

38 

34 

33 

39 

2 

34 

100 

29 

32 

30 

31 

S 

2-5 

100 

30 

29 

30 

30 

4 

23 

. . . 

14 

14 

13 

15 

5 

24 


IS 

IS 

19 

19 

6 

24 


IS 

17 

IS 

19 

7 

22 

100 

38 

37 

34 

3S 

8 

24 

J.Ol) 

41 

38 

46 

40 

9 

24 

100 

47 

30 

34 

37 

10 

24 

, , . 

15 

16 

16 

18 

11 

22 


10 

17 

17 

IS 

13 

24 


11) 

20 

20 

20 

13 

, 24 

100 

39 

36 

40 

44 

U 

21 

100 

37 

35 

38 

40 

152 

22 


16 

15 

16 

15 

16 2 
172 

24 

22 


19 

IS 

IS 

17 

19 

18 

19 

19 

18- 

23 

100 

41 

34 

41 

37 

19- 

20- 

23 

24 

100 

100 

35 

41 

33 

39 

37 

39 

30 

40 


3 

mg. 

•mg. 

mg. 

. JJ; g.. 

. vig 

. mg. 

14 

100 


34 

24 

26 


15 

100 

38 

36 

32 

29 

0 

25^ 


IS 

17 

17 

17 

4 

24" 


19 

18 

19 

IS 

5 

6 

25" 

25" 

JOl) 

lOri 

34 

32 

31 

29 

2 s 

28 

25 

V 

25" 


17 

17 

18 

.16 

IH 

8 

25" 


19 

19 

19 

0 

25" 


20 

2o 

20 

IH 

10 

11 

26 " 
26" 

11)0 

100 

37 

35 

** i 

33 

36 

34 

32 

26 

12 

28 " 

100 

34 

29 

32 

25 

13- 

28" 


21 

23 

22 

20 

14® 

15® 

27 " 

26 " 


<.•>0 

21 

23 

22 

23 

22 

21 

20 

16® 

27" 

100 

49 

44 

38 

34 ’ 

17® 

27" 

100 

38 

35 

31 

2S 

18 * 

26 " 

100 

41 

39 

36 

33 


1D« 
20 2 


16 

17 


110 

110 


43 41 36 34 
43 41 38 33 


value of basal fofds. as>toibie acid givea daily to eomponsate for low^JTawbic aeid 

".li” S;." “V "> .itate 


All ascorbic acid and citrate supplements 


given In the fom of orange juiee. 


ow^ects 

ferred to as the first Tear, and B (hronah T” t>e re- 

1941-42. Subjects A,' C, P G and H 1 

and 38 mouths, respectively ’ at thf hi! f^Is aged 55, 49, 49, 40, 

respective weights at that time were 50 38 4 TI 9 

jects B, D, and E were boys, aged 51 44 ’ a-nA p;k ’ ^4 ^ Pounds. Sub- 

y , aged 51, 44, and 55 months, weighing 36, 35, 



VITAMIN C FOE PKBSCHOOL CHILDEEN 


95 


and 34 pounds, respectively. Physical examinations and mental tests 
at the beginning and end of the study showed that all eight of the 
children were within the normal range as judged by present standards 
of measurement. 

Diets 

The basal foods were similar to those described by Hathaway and 
Meyer (’41), but minor alterations were made such as changes in the 
cereals and desserts,- In order to test the effect of changes in the 
ascorbic acid and citrate content of the diet at different levels of calcium 
intake, the milk consumption was reduced from 800 ml. per day during 
the first year to 500 ml. the second year. To maintain relatively con- 
stant values of the other essential constituents of tlie diet, the amounts 
of meat and eggs W’ore increased, and peanut butter was added. The 
basal foods were analyzed for ascorbic acid and the values were com- 
parable for the 2 years except for the canned potatoes. The same brand 
contained 18 mg, per 100 gm. the first year, and onlj^ 4 mg. the second 
year. To compensate for this, and also for the lowered ascorbic acid 
in the milk due to lowered intake,’* 10 mg. of crystalline ascorbic acid 
were added to the basal diet during the second year. 

The two younger children, G and H, were given somewhat less of the 
basal diet than the others, but this had little effect on their ascorbic 
acid intake. Milk and all supplements were given at the same level to 
all four children in each group. 

Ascorbic acid determinations 

Methods of urine collection and preservation and of ascorbic acid 
determination were essentially the same as those described previously 
(Hathaway and Meyer, ’41). The formula suggested by Kuether and 
Roe (’41) was used for the calculations during the second year, per- 
mitting simplification of the determinations of the “Gb” values. 

KESUIiTS AND DISCUSSION 

Reserves of ascorbic add 

The response to the 100 mg. supplement of ascorbic acid following 
periods on the basal diet was used as the means of estimating the ex- 
tent of saturation of the tissues with this vitamin (see table 2), Ban- 

“ See footnote^ page 93. 

^ Specially prepared by Prof. E. S. Gntlirie to preserve tlie ascorbic acid content. See 
Sharp, Hand and Guthrie C’39), 
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only H excreted over 6^% ia 48 htfa “rbott tSf"' "™"'' 


TABLE 2 

« ”f % "» «.;« r„«,»,, 

^ ^00- mg. supplement. 


19dO~41 


SUBJECT 

A 

B 

c 

On days for 

% 

% 

% 

adjustment 

Baj/ Period 

Ist 7th 

14 

30 

20 

13th 

17 

22 

9 

Sad 7th 

46 

60 

52 

13th 

52 

63 

38 

3r(J 7th 

64 

66 

67 

13th 

58 

67 

62 

4tli 7th 

73 

72 

76 

13th 

67 

70 

66 

On days after 
adjustment - 

Mean 

70 

72 

71 

Range (53-81 ) Cfi4 

-79) (o9 

-84) 
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StTBJEOT 


24 

15 

55 

49 

66 

67 

76 

69 


69 


Oil days for 
adjustment ^ 
1>«2/ P(!n*o(E 
1st 5tli 

10th 
2nd 5tli 

10th 
3i‘d 5 th 

10th 
4th 5th 

10th 
On days after 
adjustment " 
Mean 


27 

30 

55 

64 

72 

63 

84 

S4 


7H 


34 

15 

41 

58 

70 
67 
73 

71 


ii) 


31 

19 

55 

69 

75 

71 

74 

69 


75 
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72 

73 

76 
70 

77 

74 
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Further evidence that th^i r . ® excretion value is used 
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study (Hathaway and Meyer, ’41; table 4). In the earlier study it 
was shown that the lowest intake which would maintain tissue satura- 
tion was SI mg. and on this level of intake the “utilization” values 
averaged 22 mg. The intake on the basal diet in this study was only 
23 to 25 mg. and the “utilization” values averaged 18 mg. Since the 
highest average per cent “utilization” found in any of the twelve 
children was 80%, one should not expect 22 mg. to be utilized on a 
23- to 25-mg. intake. Consequently it may be concluded, using any of 
these criteria, that the tissues were not completely saturated. The 
23- to 25-mg. intake, however, was not far below the amount needed 
for tissue saturation. 


TABLE 3 

Means of ascorhio acid ulilisation” values and eorrespondinti nriiuirii pTT rnlv.es. 


1940-41 


SUBJECT 

‘‘UTIlilZATIOKr” 

ON 

BASAH DIET 

pH 

“UTIMZATION 

ON 

BA&ATU DIET 
PIjUS 

POTASSIUM 

OITILITB 

pH 

“utilization” 

ON 

100-MG. 

SUPPIaEMENT 

pH 

“iTTITilEATION” 

lOO-MO, 

SUPPLEMENT 

PLUS 

POTASSIUM 
* OITRATE 

pH 




mg. 


in, >7. 


rug. 


A 

17 ±2.0 

5.7 

IS ± 1.1 

6.S 

37 ± SJ) 

5.8 

39 ± 7.3 

6.S 

B 

17 ± 1.9 

6.G 

17 ± 1.5 

6.8 

35 ± 5.0 

5.9 

35 ±: 6.0 

6.8 

C 

IS ±: 2.2 

5. t 

IS ±: 1.7 

6.7 

35 ±: 7.6 

5.7 

39 ± 8.8 

6.7 

jy 

18 Hr 1.6 

5.6 

18 2.0 

6.7 

37 ± 7.0 

5.6 

39 It 5.3 

6,7 

1941-42 

E 

19 ±: 1.6 

5.8 

21 ±: 1.2 

6.8 

34 ± 6.4 

5.7 

42 ±: 6.6 

6.8 

E 

IS ± 1.7 

0.9 

22 ± 1.3 

6.9 

32 ± 6.7 

5.9 

39 ±: 7.2 

6.8 

G 

18 ± 1.5 

5.7 

22 ±: 1.3 

6.9 

32 ±: 6.1 

5.6 

35 ±: 6.6 

6.9 

H 

17 ± 1.5 

5.6 

20 ±: 1.1 

6.9 

26 ± 6.5 

5.5 

31 ±: 4.7 

6.9 


The effect of potassium citrate on- the “utilization” 
of ascorbic acid 

The mean “utilization” values with the standard deviations are 
given in table 3. On the basal diet alone the eight children had simi- 
lar “utilization” values. When potassium citrate was added, the 
individual responses of the children in the first group were significantly 
Increased in only two eases, subject A on the basal diet, and subject 
C on the 100-mg. ascorbic acid supplement. With the second group of 
children, however, the increased “utilization” of ascorbic acid with 
the addition Of potassium citrate was highly significant in every case 
except G when she wms on the 100-mg. ascorbic acid supplement. When 
the data for the first group were treated by analysis of variance there 
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was DO significant difference in “utilization” between the periods with 
and without the potassium citrate supplement, but with the data from 
the second group the odds were 99 :1 against the chance occurrence of so 
great an increase in “utilization.” 

There is no apparent explanation for the difference in response 
between the two groups of children. Changes in urinary pH cannot 
account for the difference, since the increase in pH due to the ad- 
ministration of potassium citrate was of the same order in all the 
subjects (see table 3). 

It is possible that changes in the basal foods might account for the 
difference in response to citrates. Although the percentage of protein 
in the diet was the same for both groups, the sources of the protein were 
different. The decrease in milk and the increase in meat and eggs the 
second year resulted in the following changes (calculated values) in 
essential food factors of the basal diet; the calcium was reduced from 
1.1 to 0.8 gni., the riboflavin from 1.8 to 1.3 mg. and the acid : base ratio 
from 1 : 1.8 to 1 : 1.2. 

Purinton and Schuck (’43) have suggested that there may be a 
relationship between ascorbic acid and citric acid metabolism. The 
urinary excretion of citric acid in children E, P, G, and H was de- 
termined by Metcalf ( ’43). Changes in citric acid excretion were asso- 
ciated with changes in urinary pH rather than with changes in ascorbic 
acid excretion. 

Prom the data on these two groups of children there is some indica- 
tion that addition of potassium citrate to the diet causes an increase 
in “utilization” of ascorbic acid. The individual differences in response 
in the first group of children were not mathematically significant in 
most eases, hut -when potassium citrate was added to the diet the 
“utilization” of ascorbic acid was equal to or greater than the “utiliza- 
tion” without citrate in all eases. There were apparently other factors 
than citrate administration or changes in urinary pH which affected 
the “utilization” of ascorbic acid. Changes in the high protein foods 
of' the basal diet may have been a factor, but differences in metabolic 
reactions of the individual children seem more important. 

The effect of orange juke on the “utilisation’^ 
of ascorbic acid 

Average ascorbic acid “utilization” values for the two periods dur- 
ing the second year when orange juice was used as a supplement to the 
basal diet are included in table 1. Higher “utilization” was found for 
all four children. When the data for the “utilization” values on the 
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crystalline ascorbic acid supplement and tbe orange juice supplement 
were treated by analysis of variance tbe odds were greater than 99 ; 1 
against the chance occurrence of so great an increase in “utilization”. 
When the corresponding data on the ascorbic acid plus potassium 
citrate supplement were compared with those on the orange juice sup- 
plement, the odds were still greater than 19:1 that the ingestion of 
orange juice was associated with greater “utilization” of ascorbic acid. 

The average pH values of the urine during the periods on the orange 
juice supplement for the four children ranged from 6.0 to 6.2, These 
values were higher than the corresponding values during the periods 
on crystalline ascorbic acid (5.5 to 5.9), but were lower than for the 
periods on potassium citrate (6.8 to 6.9). Thus changes in “utiliza- 
tion” values did not vary directly with the pH changes. 

Studies to compare the “utilization” of ascorbic acid in foods with 
the “utilization” of equivalent amounts of crystalline ascorbic acid 
are always complicated hy the addition of other food factors than 
those to be tested. Jacobsen ( ’35), and Hawley et al. ( ’37) found better 
storage of ascorbic acid in the tissues when it was administered as a » 
food than when it was given in the crystalline form. Todhunter, Eob- 
bins, lyjq and Brewer (’40) and Todliuuter and Fatzer (’40), on the 
other hand, eonolnded from both animal and human studies that the 
response to both forms of ascorbic acid was the same. 

Although there was a significant increase in the “ntilization” of 
ascorbic acid in these four children when orange juice was the source 
of the vitamin, it should not be concluded that the ascorbic acid per 
se was better utilized until this observation is confirmed by further 
studies. In these same children potassium citrate, also a constituent 
of orange juice, improved the “utilization”. It may have been an 
individual response to the potassium ion, to the citrate ion, to changes 
in acid-hase balance, or to some unrecog’nized food factor which was 
responsible for the improved “utilization” on the orange juice supple- 
ment rather than a difference in the natural and crj'istalline ascorbic 
acid. Since the “utilization” values on the grange juice supplement 
were sig*nifieantly higher than^with potassium citrate added to crystal- 
line ascorbic acid, however, it seems probable that there was some other 
factor than potassium citrate which was at least partially responsible 
for the increased “utilization”. 

SUMMARY 

The ascorbic acid metabolism bas been studied in eight preschool 
children. The basal diet containing 23 to 25 mg, ascorbic acid was 
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supplemented with 100 mg. ascorbic acid, 3.38 gm. potassium citrate, 
or equivalent amounts of orange juice as indicated. The results were 
as follows: 

1. A daily intake of 23 to 25 mg. of ascorbic acid was not sufficient 
to maintain tissue saturation in the eight children. 

2. On the addition of 3.38 gm. potassium citrate to the diet “utiliza- 
tion” of ascorbic acid was increased in .five of the eight children at 
both levels of ascorbic acid intake (25 and 125 mg.), and in two others 
at the higher level of ascorbic acid intake. 

3. On the substitution of orange juice for crystalline ascorbic acid 
and potassium citrate, the “utilization” of ascorbic acid was signifi- 
cantly increased in the four children studied. 

4. The “utilization” of ascorbic acid was not directly related to the 
urinaiy pH. 
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The studies of Kohmaii and Eddy (’37), sponsored by the National 
Caniiers Association during the i^eriod 1924-1937, produced informa- 
tion on the nutritive value of canned foods as determined mainly by 
animal assay methods, Sul^sequently, further fractionation of the 
vitamin B complex into welt established entities, together with the 
development of impro\'od methods for their determination and more 
suitable methods for the deter*mination of other vitamins, emphasized 
the need for further work. This need was further highlighted by the 
National Nutrition Conference for Defense in May, 1941. At that time 
available critical reviews (Daniel and Munsell, ’37) contained only 
limited information on the nutritive values of canned foods. It was 
obvious that the focus of attention on the nutritional problems of our 
Armed Poi'ces and civilian population would create new demands for 
accurate and extensive information on all types of food products, 
canned foods included. 

In recognition of this important need, a nutrition program sponsored 
jointly by the National Canners Association and the Can Manufacturers 
Institute was organized in early 1942. This program was administered 
by an Executive Committee, later assisted by an Industry Advisory 
Committee. A program of investigation requiring several years for 
completion was laid out. In broad aspect, this program included; 
complete information on the nutritive value of commercially canned 
foods ; the effects of preparation methods used in the home, restaurant, 
and Army kitchens; and the effects of time and tempei’ature of stor- 
age on certain vitamins in canned foods. Further, projects were out- 
lined in which the influence of specific canning operations on vitamins 
in raw foods wmre to be studied to determine where improvements in 
existing canning practices might possibly be made. 

The 1942 program included the assay of 823 samples of commercially 
canned foods representing thirty-two products for the factors, ascorbic 
acid, carotene, riboflavin, niacin, thiamine, and pantothenic acid. Grants 
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were allocated to various universities where the vitamin assays were 
carried out under the ^idaiice of authorities in nutritional studies. 
By eorrespoirdence and conference, the methods of assay for the factors 
were discussed and in all instances the chemical or microbiological 
methods which were considered to he most applicable were selected. 
The necessity for correlation studies in \vMch the chemical and micro- 
biological methods could be correlated with officially accepted methods 
of animal assay was obvious. Arrangements were made to include such 
work in the first year’s program. Studies on the effects of home and 
large scale kitchen practices (Army and Navy) on the vitamin content 
of canned foods were initiated. Preliminary investigation was also ont- 
lined on the effect of storage on the vitamin content of canned foods. 
Proximate and mineral analyses (calcium, phosphorus, and iron) of 
a representative number of the samples of each product were under- 
taken. Specifically, the 1942 program required the coordinated coopera- 
tion of the Universities of Wisconsin, Texas, Cliicago, Arizona, Mary- 
land, and Pennsylvania State College. Portions of the program carried 
out by these institutions under grants-in-aid will be disclosed in subse- 
quent publications. 

In consideration of the products which should he assayed during the 
first year of this progxum, it was decided that, as a general principle, 
only non-formulated canned products of nutritional significance, which 
were produced and consumed in relatively large quantities, should be 
inchxded. Thirty-two products were selected for the first year’s study, 
including one formulated product, baked beans, because of the Army’s 
interest in it. Samples of these products were taken mainly from the 
1942 packs, and, in a few instances, from the spring packs of 1943. 
The sampling program was organized so that samples of the products 
in retail size cans (mainly no. 2 and no. 2i sizes) and of some products 
in no. 10 cans would ho taken from all of the principal canning areas 
for each specific product. Two or three sampling periods, mid-early 
and mid-late, or early, middle, and late season samplings, respectively, 
were planned when seasonal variations in the products might he ex- 
pected. 

The samples were, in most instances, taken from canneries by repre- 
sentatives of the industry designated to collect the samples. Every 
attempt was made to obtain “run of the mill” samples, in order to pro- 
vide as good indications as possible of the nutritive value of the major 
products canned in the United States. It was felt that maximum and 
minimum vitamin values obtained on a large number of samples of 
the same product would serve to fix more closely the ranges of vitamin 
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content for the specific products as well as increase the reliability of 
the figures for average vitamin contents. In table 1 are shown both 
the products selected and the scope of sampling. 

One sampling at a plant for one period of the season consisted of 
thirty-six retail size cans or six to twelve no. 10 cans. Where samplings 
of 46-ounce cans were taken, eighteen cans comprised a sampling. A 
sampling represented a day’s pack of a product in one can size, and, in 
most 'instances, consisted of an equal number of cans from the early, 
middle, and late portion of a day’s pack. A complete history of the 
samples was obtained at the time of sampling, which included all of 
the information possible about the canned product, raw product used, 
and the canning procedure employed. It was believed that an analysis 
of the vitamin and historical data on the samples would reveal some 
trends in the results which might be of value in future studies of 
vitamin retention. 

The samples were sent to a central sample receiving and distribution 
point, where they were coded for proper identification, inspected, and 
divided for shipment to the various laboratories. Two retail size cans 
or one no. 10 can from each sampling were cheeked for vacuum and 
headspace. Net weight, drained weight, pH and general quality charac- 
teristics of the products were determined. Six retail size cans or one 
no. 10 can from each sampling were sent to each university conducting 
the vitamin assays. Some of the samples of certain products in retail and 
no. 10 can sizes were used for study of the distribution of water soluble 
nutrients between the solid and liquid portions of the can contents, and 
for studies on the effect of preparation for serving on the vitamin 
content. The remaining samples were held in storage as duplicate 
samples, some being used for the proximate and mineral analyses. 

The six retail size cans of each sampling received by each collaborator 
were combined into one composite sample and representative portions 
taken for the assay of two vitamin factors. Thus each analyteis of a sam- 
pling of the retail size cans included a sufficient number of cans and 
quantity of product to give a good indication of the vitamin values on a 
day’s pack at a given plant. When more than one sampling of no. 10 
cans of a product Avere taken at one plant during the season, two or 
three no. 10 cans, one from each sampling, were combined into one 
composite sample. 

The vitamin values obtained by the collaborators on the canned 
samples are reported in the accompanying papers. The reports on the 
other work undertaken in this program will appear in subsequent pub- 
lications. 
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For intelligent planning, evalnatioii, and rationing of human dietar- 
ies, information concerning the nutritive value of all varieties of foods 
grown, prepared or processed under different conditions is greatly 
needed. It is the purpose of this jiaper to report the findings of the 
ascorbic acid and carotene or vitamin A assays of certain commercially 
canned fruits, vegetables, and fish. 

EXPERIMENTAL. 

Details of the method of the collection of samples of the foods used in 
this study, which were grown, processed, and canned in different sec- 
tions of the country and at different seasons of the year have been 
presented in a preceding paper in this journal (Olifeorn, ’44). Infor- 
mation concerning the various sizes of the cans and the quantity of 
each bearing the same code numbers, which were selected to be com- 
posited for vitamin assay, has also been given. Ascorbic acid and caro- 
tene or vitamin A analyses of 814 composited samples of thirty-three 
different canned foods were begun in October, 1942, and completed in 
July, 1943. During this period, the canned foods were stored on the 
shelves of a laboratory storeroom at ordinary room temperatures, 
ranging from 20 to 31° 0. 


Sampling ® 

As soon as the canned foods were opened the liquids were drained 
from the solids into glass beakers, and the solid and liquid portions 
of the canned contents weighed separately. Composited semi-homo- 
geneous samples of the combined solid and liquid contents of all the 

^TMs work was financed and planned by the National Caimers Asaociation — Can Manu- 
facturers Institute Nutrition Program (see Olifeorn, ’44). 

® Following the plan of the National Oanners Association — Can Manufacturers Institute 
Project, vitamin assays were made upon samples of the combined solids and liquids of the 
canned foods. 
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cans in the same group were then obtained by blending the total can 
contents in the Waring Blendor from 15 seconds to 2 minutes, the time 
depending upon the character of the material. Suitalile aliquots of 
the comminuted material were weighed immediately and i:)repared for 
analysis. 

Analytical methods 

The vitamin assay methods selected for use in this study are among 
those recommended by the Committee on Vitamin Assay Methods of 
the National Cooperative Experiment Station Project on Conservation 
of the Nutritive Values of Foods. 

Vitamin C. The ascorbic acid content of all the canned foods was de- 
termined following the chemical method of Bessey ( ’38) and modified 
by Morrell ( ’41) briefly described as follows : Twenty-five gram samples, 
of the comminuted solids and liquids or 25 ml. of the canned juices (to- 
mato, grapefruit, orange, and pineapple) were placed in 100 ml. volu- 
metric flasks and brought up to volume with 3% metaphosphorie acid 
solution. In general, the contents of the flasks were thoroughly shaken 
and then filtered through dry, fluted Whatman no. 12 filter paper. Only 
in the case of corn which, because of the toughness of its hull, was 
found more difficult to homogenize, did better extraction of the ascoihic 
acid result from the use of the Waring Blendor. Separation of the 
solid material of corn was also better accomplished by centrifuging. 

Aliquots of the almost clear filtrate containing from 100 to 200 Mg. 
of ascorbic acid were transferred to 50-ml. volumetric flasks and their 
pH adjusted to approximately 3.6 with a sodium citrate buft'er. This 
mixture was then brought up to volume and to a final pH of 3.6 
i 0.1 with a sodium hydroxide, citric acid, and metaphosphorie acid 
buffer solution. Suitable size of the aliquots selected for the dif- 
ferent canned foods was found to range from 1 to 2 ml. for the citrus 
fruits ; 3 to 5 ml, for asparagus, spinach, and tomatoes ; 5 ml. for peas, 
pineapple juice, and lima beans; and 10 to 15 ml. for peaches, pears, and 
most of the other canned foods of low vitamin C value. The bleaching 
effect of 5 ml. of this solution on 5 ml. of a solution of the dye 2, 6- 
dichlorobenzenoneindophenol (20 mg. per liter of water) was then 
measured, following in detail the Morell ( ’41) method using the Evelyn 
Photoelectric Colorimeter with the green filter no. 520." Correction 
was made for interference caused by the turbidity and the color of 
the unknown test solutions in the usual manner. In the case of beets 
and prunes, the size of the aliquot used was necessarily limited to 5 ml. 
in spite of their low ascorbic acid content because of the excessive in- 
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terference caused by tbe deepness of their color. Only in the case of 
asparagus was there observed a rapid rate of fading and therefore 
a high rate of drift in the galvanometer readings after the addition 
of the dye solution. When correction was made for this by subtraction 
of the difference between the 15-second and the 30-second readings as 
proposed by Bessey (’38), duplicate samples checked within limits of 
the accuracy of the method. 

The colorimeter readings were interpreted from calibration curves, 
made from standard solutions of pure ascorbic acid. 

Vitamin A. The vitamin A value of all the canned fruits and vege- 
tables was measured by their pro-vitamin A or carotene content fol- 
lowing the chemical assay procedure of Moore ( ’40). and modified by 
Moore and Ely (’41). Briefly described, the carotene in comminuted 
solid and liquid samples was extracted in a mixture of approximately 
57% of 95% ethyl alcohol and 43% of a petroleum ether solution® by 
blending for 5 minutes in a Waring Blendor. The two liquids in the 
mixture were then completely separated in a separatory funnel by the 
addition, if necessary, of enough water to make the alcohol concentra- 
tion about 80% by volume. The alcoholic phase was then draAvn off and 
the residue washed three or more times with 30-ml. portions of Skelly- 
solve B. The combined extract was subsequently washed six times with 
tap water in order to remove all of the alcohol and then made up or 
reduced to convenient volume as indicated by depth of the color. Pig- 
ments other than carotene were removed by passing the carotene ex- 
tracts through tubes containing dicalcium phosphate as the absorbent 
material. The filtrate was then concentrated if necessary in a hot 
water bath (70° C.) under reduced pressure and made up to a suit- 
able volume. Tbe carotene content Avas then measured using the Evelyn 
Photoelectric Colorimeter with filter no. 440. Readings were inter- 
preted from a jjreviousty prepared calibration curve based on standard 
solutions of pure beta-carotene dissolved in Skellysolve B. A standard 
solution of potassium dichromate was used periodically to check the 
calibration of the colorimeter. 

In this study the size of the sample selected for analysis which was 
found to be most convenient for several reasons was as follows ; 10 gm. 
of foods of high carotene content, carrots, apricots, and spinach; 30 
to 35 gm. of foods very low in carotene content, such as baked beans, 
beets, pineapple, grapefruit, orange juice, pears, and lima beans, etc. ; 
and 15 to 25 gm. of all the other fruits and vegetables, all being weighed 

^ Skellysolve B, Skelly Oil Company, Chicago, Illinois. 
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to 0.01 gin. When even large samples of the foods very low in carotene 
content were extracted it was found necessary to evaporate the extraeteti 
solutions almost to dryness. The entire extract was then passed through 
the dicalcinm phosphate column by suction in 4 to 5 minutes, washed 
with Skellysolve B and brought up to 10- to 25-ml. volumes, in order 
to have colorimeter readings fall within the most sensitive portion of 
the calibration curve. However, the samples of most of the foods taken 
were large enough to yield extracts sufficiently rich in carotene to make 
it unnecessary to reduce tlie volume by evaporation to such a great ex- 
tent. Instead, suitable aliquots of the extract rather than the entire 
amount could be passed through the dicalcinm phosphate column. Thus, 
a saving not only of time but of solvent was effected. It was not neces- 
sary to reduce the volumes of the carotene extract of apricots, carrots, 
or spinach but instead they were increased to a volume of 200 to 250 
ml. and 10-ml. aliquots taken for analysis. Volumes of the extracts 
of most of the other foods were reduced to 50 or 100 ml. from whicli 
20- to 25-ml. aliquots were taken to pass through the absorbent. 

Inmost cases Baker’s Analyzed 0. P. dicalcinm phosphate was found 
to be a suitable absorbent of the pigments other than carotene and to 
permit a 98 to 100% recovery of pure beta-carotene. It was found nec- 
essary to control the speed of passage of the extracted material by 
the addition of Dyuo in some cases but not in others and to vary t!ie 
height of the column. For example, the dicalcinm phosphate coiumn 
had to be longer than usual for the complete removal of interfering 
pigments from corn and peaches and to prevent them from l)eiug 
■washed into the filtrate. Cai’e ■was taken to pack the tubes evenly to 2)re- 
vent channeling. The greatest difficulty of all -wms encountered in the 
case of tomatoes because of the incomplete absorption of lycopene when 
Baker s material rvas used as the absorbent. The most satisfactory ab- 
sorption of lycopene was obtained when lots of dicalcinm phosphate 
prepared in this laboratory following the method of Moore ( ’42) were 
used. The reason for this is not understood. Only certain batehe.s 
of this laboratory prepared material were found to be satisfactory. 
It was noted that the absorbing ability or activity of the product varied 
with the yield. For example, small yields of a very fine material held 
back all of the lycopene but also did not permit the passage of the 
carotene. On the other hand, certain large yields of a verv coal'se gran- 
ular material which permitted the passage of carotene also allowed most 
of the lycopene to pass through. It was also noted that activated di- 

‘ Corn Products Eefluing Company, 17 Battery Place, New York. 



NXJTKITIVE VALXTE OF CANNED FOODS 


111 


calcium phosphate frequently became inactive after a period of time in 
storage. 

The vitamin A in canned fish has been determined following’ in gen- 
eral the Carr-Priee method (’26) as modified by Dann and Evelyn 
( ’38) for use with the Evelyn Photoelectric Colorimeter. Cans of tuna 
fish, sardines which were packed in oil, and wet pack shrimp were 
drained and only the solids were used for analysis as directed. Assays 
of salmon, mackerel, and dry pack shrimp were made on combined 
can contents. Analyses were made of 20- to 25-gm. portions of the 
fish paste weighed into Erlemneyor flasks. Five milliliters of a satu- 
rated solution of potassium hydroxide and 20 ml. of methyl alcohol 
were added for every 10 gm. of fish, and the samples were refluxed 
for 10 minutes on a water bath and cooled under tap water. The mix- 
ture was then transferred to a separatory funnel and the vitamin A 
extracted by shaking it three times with 50-ml. portions of ethyl ether. 
The ether fractions were combined and washed with tap water seven to 
eight times until the wash water was neutral to litmus paper. The 
extract was then dried by passing through anhydrous sodium sulfate 
in a sintered glass funnel and evaporated to dryness under reduced 
pressure. Traces of moisture were expelled by placing the flask in 
the oven at 100° C. for 30 seconds. The nnsaponifiable residue was 
then transferred and brought np to 10-ml. volume with dry chloroform. 
In measuring the vitamin A content of the test solution, 1 ml. w^as 
placed in the Evelyn colorimeter tube using filter no. 620 and antimony 
trichloride as the blank, and 9 ml. of antimony trichloride reagent (25 
gm. antimony trichloride in 100 ml. chloroform) quickly added. Head- 
ings were made as tbe galvanometer pointer rested briefly before the 
color began to fade and the needle began to drift. The readings were 
interpreted by moans of a calibration curve made with standard so- 
lutions of pure crystalline vitamin A alcohol ® dissolved in chloroform. 

Duplicate determinations were made on all samples of canned fruits 
and vegetables until the reliability of the method for each food was 
believed to he established. Great difficulties were encountered in the 
analyses of fish and the lack of close agreement between duplicates 
makes the values reported for fish more open to question. 

EESULTS 

The vitamin assay data summarized as to range and average for each 
of the different types of fruits and vegetables are presented in table 1. 

Prodiaets, Iiie., Boeli ester, New York. 
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TABLE 1 


Ascorbic acid and carotene content of commerciaUy cannd fruits and vegetables. 



ASOOBBIO ACID 

CAROTENE 

FOODS 

Numbei- of 

pompositti 
samp] as 
analvised 

1 i 

In 100 combined ; 

fsolids and liquids ; 

NintibcT of 

samples 

unalyxed 

In 100 ?rm. combined 
solids and liquids 


Ranjyo ' Average 

nig. i nitf. : 

Runa’p 

rni?. 

Aver a 11:0 
im;’. 


Aprieota, impeeled halves 

21 

1.1- 5.7 

3.9 

21 

0.93-1.74 

1.28 

Asparagus, all green 

30 

5.4-25.3 

15.2 

30 

0.22-0.50 

0.31 

Oulturally bleached ^ 

12 

11.6-18.1 

14.9 

12 

Traee-0.06 

0.03 

Beans, baked 

New England style 

3 

1.9- 4.3 

2.9 

3 

TracrMl.O.O 

0.02 

With tomato sauce 

2 

1.8- 3.5 

2.7 

2 

0.O4-U.OO 

0.05 

Beans, green cut 

73 

0.0- 7.3 

3.2 

73 

0.08-0.34 

O.IS 

Beans, lima, green 

26 

2.5-12.1 

7.0 

20 

0.03-0. is 

0.07 

Beets 

27 

Traec-4 .0 

2.0 

27 

Traee-0.05 

0.006 

Carrots 

19 

1.0- 4.6 

2.0 

19 

4.47-9.44 

7.10 

Corn, white, whole kernel 

4o 

2.0- 6.5 

4.4 

28 

Trace-0.11 

0.02 

Yellow, whole kernel 

61 

1.3- S.O 

4.2 

1)1 

0.04-0.10 

0.09 

Grapefruit juice 

43 

26.3-44.7 

33.8 

18 

Traee~0.02 

0.007 

Grapefruit segments " 

22 

20.3-32.3 

24.6 

3 

Traee-0.02 

0.009 

Orange juice 

14 

33.0-52.4 

39.4 

1-t 

0,01-0.12 

O.OS 

Peaches, halves, clingstone 

17 

2.0- 5.7 

3.9 

17 

0.19-0.51 

0.20 

Freestone 

13 

1.4- 3.7 

2.3 

13 

0.09-0.28 

0.16 

Pears, halves 

30 

Trace-2.5 

1.5 

i 

Tmee-0.002 


Peas, sweet, 
wrinkled varieties 

91 

3.1-13.8 

8.8 

91 

0.15-0.51 

0.20 

Alaska 

7 

7.4-13.7 

10.0 

7 

0.21-0.31 

0.25 

Pineapple juice 

18 

3.2-14.2 

8.5 

IS 

0.01-0.04 

0.03 

Pineapple, sliced 

17 

p 

CO 

1 

p 

5.1 

17 

0.01-0.04 

0.03 

Prunes, Italian® 

10 

Trace-3.0 

1.1 

10 

0.44-0.89 

0.03 

Spinach 

31 

3.4-25.9 

11.4 

31 

1.6S-4.81 

3.10 

Tomatoes * 

61 

9.5-27.1 

16.5 

61 

0.35-0.90 

0.58 

Tomato juice 

79 

2.5-25.2 

12,9 

79 

0.16-0.90 

ih51 


^ Gultiirally bleadied asparagus is asparagtis so cultivated that the (icvelopiiient at diloropliyll 
iainhiMted. The color of eauned culturaly bleached asparagus may be praetieally whitt*, yellow- 
white, or the heads may be yellow-green, green, or purple, 

®Two cans of grapefruit omitted because the valuos were not within the normal 

range for carotene. 

^ Edible portion, skins and pulp, analyzed. 

Seeds included. 

Vitamiu A is expressed in terms of milligrams of carotene per 100 
gm. of combined solids and liquids, or 100 ml. of tbe canned juices. 

Vitamin C is expressed in terms of milligrams of ascorbic acid in 
100 gm. of combined solids and liquids, or 100 ml. of the canned juices. 

Table 2 presents tbe results of the vitamin assay of canned fish, ex- 
pressed in terms of milligrams of pure vitamin A alcohol per 100 gm. 
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TABLE 2 


Vitamin A content of canned fish. 


POODS 1 

NUMBES. OP 

COMBO SITE 

1 VITAMIN A VALUE 

M«. PER 100 GM. 

- 

1 

SAMPLES 1 

ANALYZED 

1 

1 1 

1 Eange 

Average 

Ma,ekerel ^ 

8 

0.015-0.054 

0.029 

Salmon, red species 

3 

0.07S-0.102 

0.087 

Pink species 

2 

0.015-0.023 

0.019 

Sardines, in oil 

5 

0.021-0.123 

0.069 

In tomato sauce ^ 

10 



Shrimp, dry pack 

3 

0.014-0,023 

0.017 

Wet pack 

5 

0.015-0.022 

0.018 

Tuna ^ 

6 

0.005-0,010 

0.008 


^ Oil draiiicil off. 

® Assiiyfj of sardines in tomato sauce not included in I’eport because of unreliability of method 
of analysis due to interfering pigments. 


It may be seen in table 1 that on tbe basis of their average ascorbic 
acid content, different kinds of canned fruits and vegetables may be 
grouped as follows: 

Canned orange and grapefruit juices, as expected, are the best 
sources of vitamin C of the canned foods studied. The average ascorbic 
acid content was found to be 39.4 mg’, per 100 ml. for orange juice 
and 33.8 mg. per 100 ml. for grapefruit juice. It was found that canned 
grapefruit segments in sirup were lower in ascorl)ic acid value, showing 
an average of 24.6 mg. ijor 100 gm. 

Tomatoes, all green asparagus, culturally bleached asparagus, to- 
mato juice, and spinach were found to lie in the range of 16.5 to 11.4 
mg. per 100 gm. or ml. 

The average ascorbic acid content of peas (including Alaska’s), pine- 
apple juice, and lima beans fell within the range of 8.9 to 7.0 mg. per 
100 gm. or 100 ml. of the canned contents. The ascorbic acid content 
of canned sliced pineapple in sirup was relatively lower than ]Dine- 
apple juice alone, for it was found to yield 5.1 mg. jiei’ 100 gm. 

White corn, yellow coni, clingstone peaches, apricots, green beans, 
baked beans, freestone peaches, beets, carrots, pears, and prunes are 
tbe poorest sources of vitamin C, yielding in the order named on the 
average from 4.4 to 1.1 mg. of ascorbic acid per 100 gm. combined 
solids and liquids. 

On tbe other band, when considered from tbe standpoint of their 
vitamin A value, the same commercially canned goods fell into the fol- 
lowing groups : 
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Tile best sources of carotene among tbe canned foods wbicb were 
tested were carrots, spinach, and apricots. The average carotene con- 
tent of the combined solid and liquid of these foods was found to be 
7.16, ^1.16, and 1.28 mg. per 100 gm., respectively. ^ 

Prunes (pulp and skins), tomatoes, tomato juice, all green aspara- 
gus, peas, and clingstone peaches were found to be lower in carotene 
and to range on the average from 0.63 to 0.26 mg. per 100 gm. or ml. 

G-reen beans, freestone peaches, yellow corn, orange juice, and lima 
beans were found to range from 0.18 to 0.07 mg. per 100 gm. Canned 
red salmon and sardines (table 2) are the only canned fish that showed 
vitamin A values approximately of this order. 

Culturally bleached asparagus, pineapple juice, sliced pineapple, 
baked beans, and white corn showed a range in average carotene con- 
tent of 0.03 to 0.02 mg. per 100 gm. or 100 ml. 

Grapefruit segments, grapefruit juice, beets, and pears are very 
poor sources of pro-vitamin A, ranging from 0.009 mg. to a trace per 
100 gm. of combined solids and liquids. 

Unfortunately, it is common practice for the liquid present in cer- 
tain types of canned vegetables to be discarded when served. For- 
tunately, however, from the standpoint of vitamin A value, carotene 
is not highly water soluble and therefore is retained to a large extent 
in the food solids. In table 3, therefore, the carotene content of the 
canned foods, which in table 1 have been shown to be the best sources 
of this vitamin, has been expressed on the solid basis. This has been 

TABLE 3 


Carotene content of solid portions of certain canned foods} 


FOODS 

' NUMBER OP 
COAIPOSITE 
.SAMPLES 
ANAIiVZEin 

APPEOXIMATE 

PERCENT 

OF SOLIDS 

IN CAN “ 

ESTIMATED CAROTENE CONTENT 

OP too GM. OE SOLIDS 

1 

Ransfi i Av<?raii?fi 

mg. 1 ing. 

1 

Apricots, impeeled, halves 

21 

60 . 

2.90 

2.13 

Asparagus, all green 

30 

64 

0.34- 0.78 

0.48 

Beans, green, cut 

73 

62 

0.13- 0.55 

0.30 

Beans, lima, green 

26 

67 

0,05- 0.26 

0.11 

Carrots 

10 

68 

6.57-13.88 

10.54 

Corn, yellow, whole kernel 

61 

66 

0.06- 0.35 

0.14 

Peaches, halves, clingstone 

17 

66 

0.29- 0.78 

0.39 

Peaches, halves, Freestone 

13 

m 

0.13- 0.43 

0.24 

Peas, sweet, wrinkled varieties 

01 

Oo 

0.24- 0.78 

0.40 

Prunes, Italian 

10 

51 

0.86- 1.75 

1.23 

Spinach 

31 

69 

2.44- 6.97 

4.58 


’ Based on the assumpHen ttmt !in carotene is in tlic solid portion. 

’ CalciilHted from flver.ogc weights of solids and liquids in eaeh individual can contents. 
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estimated on the assumption that all of the carotene is present in the 
solid and none in the liquid portion. Canned peaches, apiicots, and 
prunes, fruits which are good soxirees of carotene, have also been in- 
cluded in this table, although it is customary to serve canned fruits 
with their sirup. 

DISCUSSION 

The number of composited samples which were assayed for ascorbic 
acid and carotene ranged for fruit from the minimum of 10 samples of 
prunes to 65 of grapefruit segments and juice and for vegetables from 
the minimum of 26 samples of lima beans to 140 samples of tomatoes 
and tomato juice. It may be noted that the range in ascorbic acid a.nd 
carotene content of many of these foods is veiy wide. This difference, 
of conrse, is of practical importance only when the food is a good 
source of the vitamin in question. 

Obviously differences in the vitamin values of different samples 
of any of these canned foods should be expected for the many sam- 
ples of each kind of food analyzed include different varieties, foods 
grown under different soil and climatic conditions, in different parts 
of the country, selected from early, middle, or late parts of the season’s 
pack, processed by different canners, and packed in cans of different 
sizes with some differences in the ratio of solid to liquid can contents. 

It may he noted, for example, that canned clingstone peaches were 
found to be somewhat better soui’ces of both ascorbic acid and caro- 
tene than freestones. Canned red salmon proved to be substantially 
richer in vitamin A than pink salmon, and again, canned yellow corn 
was found to be far richer in carotene than white corn, although there 
was no significant difference in their ascorbic acid content. As expected, 
culturally bleached asparagus was very much lower in carotene con- 
tent than the same variety of asparagus so cultivated that the develop- 
ment of chlorophyll was not inhibited (all green). Again, however, 
there was no significant difference in their ascorbic acid content. The 
wide range of the average carotene values of canned culturally bleached 
asparagus (although relatively insignificant because it is a poor source 
of carotene) appeared to he associated with the variation in the chloro- 
phyll content as indicated by some cans containing green-tipped heads, 
as contrasted with others in which the color of the asparagus heads 
was practically white or yellow-white. 

Samples of both grapefruit segments and pineapple slices were 
found lower in ascorbic acid value than the canned juices of these 
fruits. This is to be expected because of the dilution resulting from 
the addition of sirup to the fruit packs. On the other hand, the sam- 
ples of canned tomato juice appeared to be somewbat lower in ascorbic 
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The best sources of carotene among tbe canned foods Avbieb were 
tested were carrots, spinach, and apricots. The aA^erage carotene con- 
tent of the combined solid and liquid of these foods was found to be 
7.16, 3.16, and 1.28 mg. per 100 gm., respectively. 

Prunes (pidp and skins), tomatoes, tomato juice, all green as];)ara- 
gus, peas, and clingstone peaches were found to be lower in carotene 
and to range on the average from 0.63 to 0.26 mg. per 100 gm. or ml. 

Green beans, freestone peaches, yellow corn, orange juice, and lima 
beans Avere found to range from 0.18 to 0.07 mg. per 100 gin. Canned 
red salmon and sardines (table 2) are the only canned fish that shoAved 
vitamin A values approximately of this order. 

Culturally bleached asparagus, pineapple juice, sliced pinea]Dple. 
baked beans, and Avdiite corn shoAved a range in average carotene con- 
tent of 0.03 to 0.02 mg. per 100 gm. or 100 ml. 

Grapefruit segments, grapefruit juice, beets, and pears are very 
poor sources of pro-vitamin A, ranging from 0.009 mg. to a trace per 
100 gm. of combined solids and liquids. 

Unfortunately, it is common practice for the liquid present in cer- 
tain types of canned vegetables to be discarded AAdien served. For- 
tunately, hoAvever, from the standpoint of Autamin A value, carotene 
is not highly vmter soluble and therefore is retained to a large extent 
in the food solids. In table 3, therefore, the carotene content of tlie 
canned foods, Avhich in table 1 have been shoAAm to be the best sources 
of this vitamin, has been expressed on the solid basis. This has been 


TABLE 3 


Carotene content of solid portions of certain canned foods,^ 



' nriiJiBER OF 

approximate I 

estimated carotene content 

OF 100 GM. OF SOLIDS 

FOODS 

COMPOSITE 

SAMPLES 

ANALYZED 

percent 

OF SOLIDS 
i IN CAN 

RaiiKe 

Averjure 




TDK. j 

inK. 


Apricots, nnpeeled, iialves 21 

Asparagus, all green 30 

Beans, green, cut 73 

Beans, lima, green 26 

Carrots lO 

Corn, yellow, whole kernel 61 

Peaches, halves, clingstone 17 

Peaches, halves, Freestone 13 

Peas, sweet, wrinkled vfirieties 91 

Prunes, Italian 10 

Spinach 31 


60 

1.56- 2.90 

2.13 

64 

6.34- 0.78 

0.4B 

62 

0.13— 0.55 

0.30 

67 

0.05- 0.26 

0.11 

68 

6.57-13.88 

10.54 

66 

0.05- 0.25 

0.14 

66 

0.29- 0.78 

0.89 

65 

0.13- 0,43 

0.24 

65 

0.24- 0.78 

0.40 

51 

0.86- 1.75 

1.28 

69 

2.44- 6.97 

4.58 


“ on the sssuniptioii that all earoteiie is in the solid portion. 

AOalmlated from .nverago weights of solids and liquids in Jach inaividnal contents. 
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estimated on the assumption that all of the carotene is present in the 
solid and none in the liquid portion. Canned peaches, apricots, and 
prunes, fruits which are good sources of carotene, have also been in- 
cluded in this table, although it is customary to serve canned fruits 
with their siruj>. 

DISCUSSION 

The number of composited samples which were assayed for ascorbic 
acid and carotene ranged for fruit from the minimum of 10 samples of 
prunes to 65 of grapefruit segments and juice and for vegetables from 
the minimum of 26 samples of lima beans to 140 samples of tomatoes 
and tomato juice. It may be noted that the range in ascorbic acid and 
carotene content of many of these foods is very wide. This diffei’enee, 
of course, is of practical importance only Avhcu the food is a good 
soui'ce of the vitamin in cpiestion. 

Obviously differences in the vitamin values of different samples 
of any of these canned foods should be expected for the many sam- 
ples of each kind of food analyzed include different varieties, foods 
grown under different soil and climatic conditions, in different parts 
of the country, selected from early, middle, or late parts of the season ’s 
pack, processed by different canners, and packed in cans of different 
sizes with some differences in the ratio of solid to liquid can contents. 

It may be noted, for example, that canned clingstone p»eaehes were 
found to be someAvhat better sources of both ascorbic acid and caro- 
tene than freestones. Canned red salmon proved to be substantially 
richer in vitamin A than pink salmon, and again, canned yellow corn 
was found to he far richer in carotene than white corn, although there 
Avas no significant difference in their ascorbic acid content. As expected, 
culturally bleached asparagus Avas very much loAver in carotene con- 
tent than the same variety of asparagus so cultivated that the develop- 
ment of chlorophyll Avas not inhibited (all green). Again, iioAvevei*, 
there Avas no significant difference in their ascorbic acid content. The 
wide range of the aA’erage carotene A'alues of canned culturally bleached 
asparagus (although relatively insignificant because it is a poor source 
of carotene) appeared to he associated Avith the variation in the chloro- 
phyll content as indicated by some cans containing green-tipped heads, 
as contrasted AAuth others in which the color of the asparagus heads 
Avas practically AA’hite or yellow-Avhite. 

Samples of both grapefruit segments and pineapple slices were 
found loAver in ascorbic acid value than the canned juices of these 
fruits. This is to be expected because of the dilution resulting from 
the addition of sirup to the fruit packs. On the other hand, the sam- 
ples of canned tomato juice appeared to be somoAvhat loAver in ascorbic 
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asparagus, beets, gx'apefniit segments, peaebes, tomatoes, pineapple 
slices, spinacli, and pears, tiie foods vere macerated by a propeller- 
miser or cat to a small particle size by band before tlie solid and 
liquid portions rvei’e separated. Prunes were treated in a similar man- 
ner, except tbat tlie pits were removed and only tlie edible portion 
macerated, blended and analyzed. 

Tlie various canned Jnicos (tomato, grapefruit, orange axid piiio- 
ajiple) were not homogenized in the Waring Blondor, but the coixteuls 
of tlie indhddual cans were simply stirred together. The desii'ed aliquot 
was then removed and 2~3 ml. of chloroform added. 

Baked beans, salmon, dry-packed shrimp, and sardines in tomato 
sauce were baxul-mixed, axxd a weighed ixmount, pibxs 2-3 ml, of obloro- 
form, was blended with sufficient water to form a thick slurry. Tuuu, 
brine-packed sbi-imp, sardines in oil, and brine-packed mackerel, how- 
ever, were drained, the oil or brine discarded, and the solid pxoiiion 
then treated in the same way as the baked beaus, salmon, shrimp uml 
sardmes. 

Assatf methods 

Thiamine. Ten-gram samples of the blended foods were weighed out 
for extraction with 0.1 N I'LS 04 and subsequent analysis. Thiamine 
was determined by the tbioebi'orae method of the Bescareh Oorpoviition 
Committee based on the tbioebrome method (Hennossy, ’42} witli tlie 
foiiowing modilieations: (a) extractions were made at 70“C. for 1 
hour ralher tlian 4 hour in boiling water ,; (b) enzymatic digestion was 
performed at 37"’C. over-night rather than 2 hours at 45-50°C.; (c) in- 
stead of using a sojiaimte series of standards, a standard value was 
obtaimal by adding xx standard thiamine solution to a third aliquot 
of the ivCl-IK.'l oluales and determining the increased tbioebrome pro- 
duced over tbat of the eluate alone. 

Niacin. Five grams of the homogenized sample were bydrolyzed with 
50 ml. of X XaOH at 15 pounds pressure for 30 minutes. After hydroly- 
sis the suspension was adjusted to a pH of 6.6-6.8 with N Hcf (bvom 
thymol blue, outside indicator) and diluted to give an estimated concen- 
tration of 0.05 to 0.1 Mg- of niacin per milliliter. Fisli samples were 
hydj'olyzed with 50 ml. of X HiS 04 at 15 pounds pressure for 30 miiiute,s. 
The .sample was then adjusted to a pll of 6.6-6.8 with N NaOH and 
diluted to llxe same concentration as mentioned above. 

The assay method of Snell and Wright {’41} wms employed with the 
modified medium of Krohl, Strong and Elvohjem (’43). Each sample 
was set u]) at fi\e lex els (1, 2, 3, 4, and 5 ml. of test suspension pex' 
lube), and dxiplieate assays wore I’uii on different days. 
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EESULTS AND DISCUSSION 

Tlie results obtained are summarized in table 1. The values are 
expressed as milligrams of the vitamin per 100 gm. of the entire original 
contents of the can except in the cases noted previously. The data pre- 
sented are believed to be much more extensive than an 3 d;hing' hereto- 
fore published on the thiamine and niacin content of canned foods. 
Sufficiently large numbers of samples were analjT’zed so that the average 
values found maj" be considered to represent quite closely the true 
vitamin content of the foods studied. 


TABLE 1 


Thiamine and niachi confcnt of canned foocU. 


OP 

SAMPLES 

TT-riAMlNE HOl 

NIAOIN- 

R Jingo 

Averji gt* 

Range 

-Average 



% 

Trig. % 

wg. % 

mg. % 

Apricots, iiiipoeled B«lves 

21 

O.OOS-0.026 

0.019 

0,20-0,48 

0.37 

Asparagus, all green 

30 

0.010-0.122 

0.067 

0.22-1.19 

0.S5 

Giilturally bleached 

12 

0.043-0.055 

0.050 

0.63-0.88 

0.75 

Beans, baked New England style 

o 

0.015-0.027 

0.021 

0.15-0.32 

0.24 

With tomato sauce 

2 


0.053 


0.91 

Green cut 

75 

0.011-(l.053 

0.029 

0.18-0.60 

0.32 

Uma, green 

27 

0.019-0.048 

0.032 

0.32-0.77 

0.55 

Beets 

27 

0.004-0.014 

o.oos 

0.06-0.2S 

0.33 

Carrots 

19 

0.013-0.027 

0.021 

0.19-0.49 

0.34 

Corn, white, whole kernel 

46 

0.010-0,039 

0.021 

0.46-1.50 

0.S8 

Yellow, w’hole kernel 

61 

0.014-0.045 

0.026 

0.53-1.06 

0.77 

Grapefruit juice 

43 

0.013-0.050 

0.025 

O.OS-0.49 

0.17 

Segments 

24 

0.007-0.046 

0.026 

0.13-0.35 

0.21 

Mackerel 

9 

0.021-0.045 

0.034 

4.01-31.4 

7,82 

Orange juice 

13 

0.033-0.103 

0.072 

0.18-0.30 

0.25 

Peaches, elingstone, halves 

17 

0.005-0.011 

0.007 

0.48-1.18 

0.70 

Freestone, halves 

13 

0.005-0.011 

0.008 

0.34-0,90 

0,57 

Pears, halves 

30 

0.005-0.012 

0.009 

0.06-0.28 

0.13 

Peas, sweet, wrinkled varieties 

94 

0.056-0.188 

0,115 

0.42-2.69 

1.06 

Alaska 

6 

0.085-0.121 

0.099 

0.68-1.04 

O.SO 

Pineapple juice 

18 

0,031-0.070 

0.052 

0.16-0.20 

0.18 

Sliced 

17 

0.053-0.087 

0.070 

0.12-0.20 

0,17 

Prunes, Italian 

10 

0.0.17-0.039 

0.024 

0.19-0.47 

0.36 

Salmon 

5 

0.0.14-0,038 

0.021 

5.95-8.91 

7.81 

Sardines, in oil 

5 

0.014-0.042 

0.024 

2.92-7.15 

5.57 

In tomato sauce 

10 

0.007-0.016 

0.010 

2.36-5.40 

3.93 

Shrimp, dry pack 

3 

0.006-0.011 

0.009 

1,10-3.40 

2.23 

Wet pack 

5 

0.004-0.011 

0.008 

0.72-2.52 

1.36 

Spinach 

31 

U.009-0.041 

0.020 

0.16-0,64 

0.30 

Tomatoes 

63 

0.019-0.077 

0.049 

0.41-0.97 

0.69 

Tomato juice 

77 

0.014-0.063 

0.049 

0.55-1.77 

0.75 

Tima 

6 

0.016-0.082 

0.037 

7.60-13.0 

10.2 
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Tlie extent of tlie range in thiamine content varied considerably from 
product to product. The highest values for apricots, green beans, white 
corn, grapefi'uit Juice, peas, spinach, tomato Juice and tomatoes were 
approximately four times the lowest values. The range for grapefruit 
sections and tuna fish was 5- to 6-fold, while that for the remaining 
foods was 3-fold or less. 

TABLE 2 


Comparimn of can sve and vitamin content. 


PKODUOT 


J40. OF 

THTAMINK 


NIACIN 


SIZK 

SAMPLES 

Range 

A V erase 

Rung:c 

Avora^ie 

Asparagus., nil grceii 

C' 

20 

mg- % 

0.045-0.122 

mg, % 

0.071 

mg. % 

0.60-1.07 

mg. Cto 

0.89 



10 

0.040-0.090 

0.059 

0.22-1,19 

0.78 

Cnlturallj bleai'licd 

0 

8 

0,044-0.055 

0.050 

0.64-0.83 

0.74 


I 

4 

0.043-0.052 

Q.OuO 

0.63-0,88 

0.77 

Beans, green cut 

0 

54 

0.011-0.053 

0.028 

O.lS-0,60 

0.31 


I 

21 

0.017-0.047 

0.031 

0.27-0.44 

0.32 

Lima, green 

0 

18 

0.02.V0.04S 

0.034 

0.32-0.77 

0.53 


I 

9 

0.019-0.041 

0.027 

0.33-0.67 

0.58 

Beets 

G 

17 

0.004-0.012 

O.OOS 

0.06-0.28 

0.12 


I 

10 

0.006-0.014 

0.009 

0.08-0.22 

0.14 

Carrots 

0 

12 

0.013-0.027 

0.021 

0.25-0.49 

0.35 


I 

7 

0.017-0.025 

0.022 

0.19-0.45 

0.32 

Corn 

white, whole kernel 

c 

40 

0.010-0.039 

0.022 

0.46-1.50 

o.ss 


I 

6 

0.010-0.023 

0.017 

0.86-1.04 

0.90 

Yellow, whole kernel 

0. 

47 

0.015-0,045 

0,027 

0.56-0.95 

0.75 


I 

14 

0.014-0.037 

0.021 

0.53-1.06 

O.Sl 

-Ih'tis 

c 

80 

0.056-0,188 

0.119 

0.62-2.69 

1.10 


I 

20 

0.078-0.14G 

0,103 

0.42-1.34 

0.96 

Hjiinaeh 

c 

20 

0.010-0.041 

0.021 

0.20-0.64 

0.32 


I 

11 

0.009-0.025 

0.018 

0.16-0.51 

0.27 

Toinatoesi 

c 

58 

0.019-0.061 

0.047 

0.41-0.97 

0.68 


r 

5 

0.045-0.077 

0.063 

0.74-0.06 

0.86 


M* coiiHiiiMcr sizL* can. 

"M — institutional size cmi. 


The thiamine content did not seem to be correlated with the time of 
season except in the case of sweet peas. Early season peas were found 
to be slightly lower in thiamine content than mid-season and late-season 
samples. Average values from seventeen factories were 14.1 % higher 
at mid-season and 11.5% higher at late season than the early season 
samples. It should be noted that because of the relatively high thia- 
mine content of peas such differences are more readily detected than 
in the othei' products. The pH of the liquid in the can did not seem to 
be a factor in the variations found in the thiamine content of any one 
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product. It would seem that the longer sterilization times used for the 
larg-er institutional can sizes might reduce the thiamine content to 
lower values than those found in consumer size cans. The comparison 
in table 2, however, fails to show a consistent difference. 

As espected, the fish products were found to contain more niacin than 
any other type of food analyzed. The values found ranged from 10.2 mg. 
% in tuna fish to 1.36 mg. % in shrimp. Of the canned vegetables 
analyzed, asparagus, corn, peas, and tomato juice were found to con- 
tribute the most niacin to the dietary, but were still relatively low in 
this vitamin since they contained only 0.75-1.06 mg. %. Fruits as a 
gi’oup were still low’er, less than 0.7 mg. % being present. 

As in the ease of thiamine, there was no difference in niacin content 
of foods packed in the larger or smaller cans, as may be seen by com- 
paring the average values in table 2. An attempt was made to correlate 
the niacin values found for each type of food with the time of harvest. 
In no case was any correlation found which would help to explain the 
wide ranges of some of the products. These ranges, as in the case 
of the thiapiine assa.ys, varied from 2- to 6-fold. 

Although in the case of most foods the range is rather wide, this 
wide range is due to only a few samples. Thus the niacin content of 
peas in over 88% of the samples analyzed fell within a 2-fold rang’e, 
although the extreme range was about 6-fold. 

StTMMAEY 

Average values and ranges for the thiamine and niacin content are 
reported for thirty-two canned food products. Considerable variation 
has been found. The thiamine content of peas appears to be slightly 
affected by the packing season. With this exception no correlation was 
found between thiamine or niacin content and can size, time of harvest, 
or pH of these products. 
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A more thorough knowledge of the vitamin content of canned foods 
is of obvious importance to those who formulate nutritional programs 
and dietaries. In an effort to obtain reliable data, the National Oauners 
Association — Can Manufacturers Institute, have collected and dis- 
tributed samples of canned foods to a number of laboratories for assay. 
The method of collection, distribution, etc., has been described in detail 
in a previous report of this series (Clifcoi’n, ’44). This laboratory has 
concerned itself with analyses of these samples for riboflavin and for 
pantothenic acid. 

EXPERIMENTAL 

Preparation of samples 

Detailed ti'eatment of samples varied somewhat with the nature of 
the material assayed. In all cases, contents of all cans of a particular 
sample (usually six) were mixed. Ten grams of the mixed samples of 
juice (grapefruit, orange, pineapple, tomato) were then taken directly 
foj' enzyme treatment. With apricots, asparagus, beets, grapefruit seg- 
ments, peaches, pears, pineapple, spinach and tomatoes, the entire 
sample was mixed in an earthenware jar with a propeller mixer until 
the state of subdivision was rather fine (about 5 minutes). Pour hun- 
dred and fifty grams of this material Avere then transferred to a War- 
ing Blendor, and mixed for 3 to 5 minutes longer until the material 
was thoroughly homogenized. A 10-gm. sample of this material was 
then removed for enzyme treatment. Baked beans, salmon, sardines in 
tomato sauce, and shrimp (diw-pack) were hand-mixed; 225 gm. Avere 
then transferred to the Blendor, 225 gm. of water added, the mixture 
blended as aboAm, and 10 gm. of the blended material (equivalent to 5 
gm. of the original sample) removed for enzyme treatment. With mack- 

^ This work was supported in part by a grant from the National Caniiers Assoeiation — 
Can Manufacturers Institute iNutrition Program to Professor P. J. Williams (see Clifcorn, 
' 44 ). 
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erel, sardines in oil, slirimp (wet-pack) and tuna, the liquid content 
of each can was discarded and the samples then mixed and treated in 
the same manner as the fish products above. With green beans, lima 
beans, carrots (diced), white and yellow corn, and peas, the liquid ivas 
drained off, and liquid and solid weights obtained. The solids were 
hand-mixed, a 450-g'm. sample was reconstituted from the liquids and 
solids, and transferred to the Blendor, homogenized 3-5 minutes, and 
then a 10-gni. sample removed for enzyme treatment. Prunes \vere 
treated in tlie same manner as corn and peas, after preliminary re- 
moval of the pits. 

For enzyme treatment, solutions of clarase and papain {("'aroid) 
were prepared which contained 20 mg. of the enzjnne dissolved (or 
uniformly suspended) in 1 ml. of acetate buffer, pH 4.5 (Cheldelin 
et ah, ’42). Five milliliters of each enzyme solution (equivalent to 100 
mg. of each enzyme) wmre added to each 10-gm. sample of foodstuff. 
The mixture wms diluted to 30 ml. with acetate buffer, and incubated 
for 24 hours at 37° C. under about 2 ml. of benzene. After incubation, 
the samples were heated at 100°C. for 15 minutes in flowdng’ steam in 
order to remove benzene and precipitate proteins and then w^ere di- 
luted to 50 ml. with water. A small amount of Hyflo Supercel was 
added, and the samples then filtered with gentle suction. Assays for 
riboflavin and pantothenic acid were made on the filtrates. “Blank de- 
terminations” of the riboflavin and pantothenic acid concentrations in 
the enzyme samples were made by the same procedure at frequent in- 
tervals; this correction was subtracted from the values obtained on the 
sample. This correction varied slightly with different lots of enzyme, 
but averaged .032 mg. calcium pantothenate and .012 mg. riboflavin 
per 100 gm. of sample. 


Assay methods 

Eiboflavin wms determined by the method of Snell and Strong ( ’39) ; 
pantothenic acid was determined by the method of Pennington, Snell 
and Williams ( ’40) . All assays were carried out on clear, filtered, en- 
zymatic digests of the food sample, prepared as described above. Fil- 
tration was carried out at pH 45-4.7, and thus the presence of fatty 
materials w’^hich interfere in assays involving use of L. casei (Strong 
and Carpenter, ’42 ; Wegner et al, ’42) was avoided. 

In general, the samples were satisfactory for the riboflavin assay. 
With the pantothenic acid assay, there was in many instances a drift 
in the values obtained. When this wus present, those values calculated 
from low assay levels were considerably higher than those calculated 
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from liiglier levels. The values obtained tended to become constant 
at the higher assay levels (lowest assay figures). It was first attempted 
to remedy this situation by applying to the samples the method of 
Strong, Feeney and Earle (’41) and that of Landy and Dicken (’42). 
However, the same tendency was present to about the same degree 
when these methods were used. For purposes of assay the drift was 
therefore allowed to occur, but when it occurred only the lower values 
wei*e used. These were obtained on the upper portion of the standard 
curve, where the drift in values was largely eliminated. Recovery ex- 
periments with added pantothenic acid showed 100% recovery at these 
levels, indicating validity of the results. Previous experience with mi- 
crobiological assay methods has indicated that when such a drift oc- 
curs, the lower values, obtained at higher assay levels, approach more 
closely the true vitamin content of the material in question. Toward the 
end of the assay program, a modified method for pantothenic acid ap- 
peared^ (Neal and Strong, ’43). This method was sensitive to smaller 
amounts of pantothenic acid, and also largely eliminated drift in sam- 
ples ■where this was apparent. Numerous assays were therefore made 
according to this procedure. Excellent agreement between results ob- 
tained by this method and the method used throughout the present 
investigation indicates reliability of results obtained with either technic 
(cf. table 2). 

BESULTS AND DISCUSSION 

A summary of the assay results obtained is given in table 1. Com- 
parative assay results obtained by the method of Neal and Strong 
(’43) and that of Pennington, Snell and Williams (’40) are given in 
table 2. 

One of the most interesting facts to emerge from these assays is 
the great variation in vitamin content which occurs from one sample 
to another of any one foodstuff. Examination of table 1 reveals that 
different samples of most products vary 3- to 4-fold in their vitamin 
contents ; in some eases even greater variation is evident. This varia- 
tion becomes more significant when it is remembered that most of 
the samples assayed consisted of the pooled contents of six cans of ma- 
terial. It emphasizes the unsatisfactory nature of conclusions based 
upon assays of the contents of individual cans, picked at random from 
shelves of retailers. The range as given in the table, however, is some- 
what misleading, since it represents the extreme variations which oc- 
curred. Assays on the great majority of samples lay much closer to 
the average than these extremes would indicate. 

- The authors wish to thank Dr. Strong for use of his xuaiiuseript in advance of publication. 
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Information supplied with the samples permitted their classification 
according to can size and packing date — early, late, or mid-season. 
Where the number of samples justified it, classification was made on 
each of the above bases. No significant differences in average values 
obtained appeai’ed in any ease. 


TABLE 1 

ranfoihcnic acid and. riboflavm eonient of canned- foods. 


NO. OF H.VirPTdiJfi 


CALCIUM PANTOTHENATrs! 


RtROFLAVIN 


I'iCiUlJ U W'i 

Bota.il 
size cans 

cans 
Nu. 10 

Bange 

Average 

Range 

Average 




m^f./lOO f/m. 

m/if./IOO ffm. 

Wif./lOO fpn. 

nuj./ 10 0 
tjm. 

i^prieots, luipeeled halves 

21 


.045-.20 

.095 

.012-J)39 

.024 

Asparagus, all green 

20 

n 

.072~.43 

.19 

.039-.19 

.096 

Cult lira 11 j blea died 

8 

4 

.092-^.16 

.12 

.044-.073 

,058 

Beans, baked 







New England style 


3 

,061-.ll 

.OSl 

.051-.059 

.054 

With tomato sauce 


2 

.092-*.ll 

.10 

.019-029 

.024 

Green cut 

63 

19 

.023^.11 

.061 

.018-.065 

.034 

Lima, green 

17 

9 

.06S-,17 

.11 

.023-062 

.042 

Beets 

18 

9 

.045-.12 

.076 

.011-.059 

.025 

Carrots 

12 

7 

.093-.21 

.13 

.009-.042 

.021 

Corn, white, whole kernel 

40 

6 

.10 -.50 

.18 

.027-.064 

.043 

Yellow, whole kernel 

47 

14 

.094-.32 

.21 

.025-.072 

.044 

Graiiefruit juice 

43 


.065-.17 

.12 

.010~.033 

.019 

Segments 

24 


.063-.19 

.13 

.OOS-.039 

, .021 

Mackerel 

9 


.13 -.48 

.29 

.13 -.29 

.20 

Orange juice 

15 


.081-.17 

.12 

.012-.038 

.022 

Peaches, clingstone, halves 

17 


.017-.065 

.041 

.013-.030 

.022 

Preestone, halves 

14 


.020-13 

.052 

.009-.034 

.021 

Pears, halves 

30 


.008-.041 

.022 

.009-.032 

.019 

Peas, sweet, wrinkled 







varieties 

73 

21 

.081~.26 

.15 

.025-.1O 

.054 

Alaska 

6 

1 

.069~.18 

.13 

.037-.064 

.049 

Pineapple juice 

18 


.006-18 

.10 

.004-.()3l 

.018 

Sliced 

17 


.053-,15 

.10 

.006-.030 

.021 

Prunes, Italian ^ 

10 


.027-.085 

.044 

.019-.032 

.026 

Salmon 

6 


.47 -.73 

.57 

.14 -.17 

.16 

Sardine a, in oil 

6 


.44 -.65 

.53 

.09 -.15 

.11 

In tomato sauce 

10 


.41 -.58 

.47 

.12 -23 

.18 

Shrimp, dry pack 

3 


.26 -35 

.29 

.027-.037 

.032 

Wet pack 

6 


.18 -.22 

.21 

.026-035 

.031 

Spinach 

Tomatoes 

20 

58 

11 

5 

.021-.14 
.11 -.44 

.051 

.23 

.024-.13 

,011-,050 

.082 

.028 

Tomato juice 

Tuna 

79 

6 


.17 -.39 
.13 -.19 

.25 

.17 

.009~.046 
.11 -17 

.028 

.14 


^Beported on pit^free basis. Tiie 
as the whole sample. 


pitted samples weighed on the average 95% ns much 
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It is well laiowTi that pantothenic acid occurs naturally in forms 
which are unavailable for test organisms used in microbiological as- 
says. For this reason, enzymatic digestion of samples is now univer- 
sally employed to liberate additional pantothenic acid. The enzymatic 
digestion procedure used throughout this work was that of Cheldelin 
et al. ( ’42). Application of this method to animal products results in 
large increases in pantothenic acid over those obtained by water ex- 
traction. At the time this assay program was undertaken, no investi- 
gation of the efficiency of enzymatic digestion procedures in liberating 


TABLE 2 

Comiuirative amtjis for j’^ontothonic acUh 


CAL0iTj>i pantothbnatt: 


- - — 

SAMPiiE^ Pennington et al. Neal and Strung 

Range Average Range Average 




w//,/ 100 /7m. 

nig,/ 100 gm. 

mg J 100 gm. 

mg, /too gm. 

Beans, green eut 


.060-.075 

.065 

.059-.090 

.066 

Green lima 


.11 >-.13 

.12 

.06 -.14 

.10 

Beets 

1 


.071 


.070 

Carrots 

.1 


.13 


.14 

Corn, wliite, whole kernel 

1 

,16 -.50 

.26 

.16 -.42 

.27 

Yellow, whole kernel 

13 

.20 -.32 

.23 

.19 -.30 

.26 

Pears 

1 


.017 


.019 

Pen^, 






sweet, wrinkled varieties 

4 

.13 -.15 

.14 

.06 -.20 

.14 

Pineapple, sliced 

1 


.OS 


.10 

Bardiiies, in oil 

1 


.49 


.56 

Shrimp 

4 

.20 -.26 


.20 -.29 

.22 

Sxiinaeh 

1 


.039 


.033 

Tomatoes 

1 


.23 


.30 

Tomato juice 



.27 


.27 

Tuna 

o 


.19 


.19 


pantothenic acid, from cooked plant or animal tissues had been made. 
It is possible that other digestion procedures would liberate more pan- 
tothenic acid than that indicated by our assays. The figures obtained 
liere for pantothenic acid should thus he regarded as minimum values 
for the canned product in question. 

The use of enzymatic digestion preliminary to riboflavin assay is not 
so common. For the above program, use of such a procedure presented 
the very considerable advantage that the preparation of only one ex- 
tract instead of two was necessary. Preliminary trials with a number of 
samples showed that values obtained by the above procedure checked 
those obtained by the more commonly used procedures of autoclaving 
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with water (Snell and Strong, ’39) or with dilute acid (e. g. Wegner 
et aL, ’42). Cheldelin et al. (’42) also found enzymatic digestion to 
be as efficient as neutral- or acid-autoclaving in liberating riboflavin, 
while digestion with pepsin was recommended by Van Diiyne (’41) 
for the extraction of riboflavhi from tissues. 

With both pantothenic acid and riboflavin, the correction in assay 
value rendered necessary by the vitamin content of the enzyme pre- 
paration used is considerable; in some cases it approaches in magni- 
tude the vitamin content of the product in question. Values for this 
correction are entirely reproducible, however, so that the procedure 
would lead to error only if the value for the enzyme correction consid- 
erably surpassed the assay value of the sample. This situation did 
not exist. That this factor did not influence the accuracy of the assays 
is shown by the agreement of values obtained by two methods for pan- 
tothenic acid (table 2), and the above-mentioned agreement in assay 
values for riboflavin obtained after enzyme-treatment, and after ex- 
traction with acid. 

SUMMARY 

Average values for the riboflavin and pantothenic acid content of 
32 different types of canned foods are given. The amount of these 
vitamins present in different samples of any given canned food varies 
considerably. Eeasons for this variation are not apparent from the 
present study. It was not correlated with can-size, or with the time 
during the growing season that the food was packed. 
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THE NUTRITIVE VALUE OF CANNED FOODS 
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This portion of the research program of the National Cauners Asso- 
ciation — Can Manufacturers Institute was designed to supplement 
the large body of data on vitamin contents of a great variety of canned 
foods to be obtained by other laboratories, with information about the 
distribution of water-soluble vitamins in a representative number of 
canned vegetables and fruits. A fair picture of sucli distribution could 
be obtained, it was thought, by determination of three of these vita- 
mins; namely, ascorbic acid, thiamine, and riboflavin in the solid and 
liquid portions of several types of the canned products. Thus the 
proportions of the three vitamins found in the solid and in the brine 
of eight different canned vegetables, both in consumer size and in no. 
10 size cans, as well as those found in the solid and in the syrup of 
seven canned fruits, in consumer size cans only, are here reported. 

EXPERIMENTAL METHODS 
Separation and weighing of solid and liquid 

Separation of solid and liquid portions for distribution studies was 
carried out approximately according to the standard todmiqnes de- 
scribed by the Association of Official Agricultural Chemists. The only 
variations from these procedures were that a 12-indi sieve, rather than 
an 8-inch one, was used for drainage of whole single no. 2 or no, 2i cans, 
and that for all vegetables in no. 10 cans, except spinach, the contents 
of each can were drained in two portions, each for 2 minutes, on the 
12-inch sieve. For no. 10 cans of spinach the contents of a can were 
drained in three portions, each for 3 minutes. 

The weights of solid and liquid recorded in the tables on tlie “per 
can” basis are, in the ease of consumer sizes, the single can averages 
of the weights obtained on mixtures of solids and mixtures of liquids 
combined from three or six cans, and are, in the case of no. 10 cans, 
the averages of six separate weighings of the two portions of six no. 
10 cans. 
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Sampling for analyses 

For vegetables in consumer size cans, tbe whole amount of solids 
from three (or six) cans was mixed as well as possible without macer- 
ating the material and then two approximately 150- to 200-gm. sam- 
ples were removed from the mixture and separately blended in the 
Waring Blendor with measured amounts of 3% metaphosphorie acid 
and 0.1 N sulfuric acid in preparation for the extraction of ascorbic 
acid and thiamine-riboflavin respectively. The whole lot of solid from 
three such cans was deliberately not more intimately mixed, as by 
maceration, before the samples were withdrawn, because, for the other’ 
l>art of this study, the remaining two can quantities of solid were 
required intact. These were to be further divided for reconstituting 
with liquid to form representative single can contents which would be 
used in duplicate experiments on vitamin retentions in heating as in 
family scale preparation for serving. 

For vegetables in no. 10 cans, 200-gm. samples were removed from 
each can’s solid portion before the remainders were combined for the 
experiments on large scale preparation for serving. The 1200 gm. 
thus brought together from six cans were thoroughly mixed 'with a 
beater in tlie “Kitchen Aid” bowl and the 200-gm. samples then used 
for vitamin determinations were taken into the Warmg' Blendor cup 
from this macerated mixture. 

For fruits, no heating experiments were carried out and since in 
these the solid portions were all large pieces, the mixture of solids from 
six consumer size cans were necessarily also macerated in the “Kitchen 
Aid” bowl before samples -were taken for analyses. 

Sampling of solid portions was further continued by transferring- 
appropriate aliquots of blends, to volumetric flasks for buffering in the 
case of ascorbic acid determination, and to 250-ml. centrifuge bottles 
for hot extraction with 0.1 N sulfuric acid in the case of thiamine and 
riboflavin determinations. 

In sampling the liquid, the weighed portions were withdrawn from 
the complete mixture of liquid from all the cans of a set, and were 
transferred to the appropriate acids. For ascorbic acid extracts, 25- 
to 50-gm. samples were taken and for thiamine-riboflavin digests. In- 
to 30-gm. samples. 


Methods of analyses 

Chemical methods of analyses were employed for determination of 
the three vitamins. 



nutritive value oe canned foods 


133 


For most of the ascorbic acid determiiiatioiis, the Morell (’41) modi- 
fication of the Bcssey ( ’38) method for photoelectric measurement of the 
reductions of the indophenol dye was used, employing the Coleman 
Univei’sal Spectrophotometer Model 11. For these, the wave length 
dial was set at 500 m|j, since that was found to be the wave length of 
maximum absorption for the particular hatch of dye used throughout 
the experiments. The calibration equation derived by tlie method of 
least squares was used for calculations, rather thaii a plotted curve. 
However, even with the use of such an equation, dilutions of ascorbic 
acid in the final test solution below 0.002 mg, per milliliter were 
avoided, since determinations below this level were apt to have errors 
in excess of 10%. 

In the first four experiments, namely, those on sweet j)eas in table 1, 
the Bessey ( ’38) technique was used, with the wave length dial set at 
520 mq. In these experiments, to avoid unduly large errors, the concen- 
tration of ascorbic acid in the final test solution was not allo-wed to 
fall below 0.004 mg. per milliliter. 

Finally, because the Spectrophotometer had to be sent away for a 
galvanometer repair, it was necessaiy to use the titration method in 
a considerable number of determinations averaged in table 1 ; namely, 
those on gTeen beans, all of those on corn, and in one on spinach. In 
these, a 3% metaphosphoric acid extract was titrated to a 15-seeond 
end-point with the dye. 

For thiamine and riboflavin determinations, acid digestion was fol- 
lowed by overnight incubation with 0.4% clarase at 37°C. and ph 4.3 to 
4.5. Then the double adsorption technique of Conner and Straub ( ’41) 
was used. 

Since we have had some difficulty regarding satisfactory recovery 
of the vitamins from recent samples of their respective adsorbents and 
have learned that others have likewise had trouble, it would seem to 
be appropriate to state here that all samiDles of Decalso and Florisil 
employed in this study had been tested with solutions of crystalline 
thiamine and riboflavin respectively, and that no adsorbent was put 
into use which gave less than 93% recovery. Lloreover, with each set 
of determinations on a vegetable or fruit, one recovery experiment was 
included, in ’which synthetic thiamine and riboflavin were added to a 
digestion bottle along with a third aliquot of the blend of the solid 
sample and carried through the whole procedure. Among forty-eight 
such determinations, thiamine recoveries ranged from 90 to 107% in 
forty-one of them and were 75, 75, 84, 109, 113, and 116% in the re- 
maining seven, whereas riboflavin recoveries ranged from' 85 to 106% 



Table i 


Distrihution of water soluble vitaynins in consumer sise eajis of vegetables.^ 


VEGETABLE 

1?0. OE 
EXPEBI- 
MEXTS IN 
AVERAGES 



ASCORBIC ACID 

THIAMINE 

RIBOFLAVIN 

Tnfeal 
per can 

Distribu- 

tion 

Concen- 

tration 

Distribu- 

tion 

j 

Concen- ; 
tration 

Distribu- 

tion 

Concen- 

tration 

Distribu- 

tion 




fjm. 

Co 

rtiffJlOO gm. 

% 

mg.jlOO gm.‘ 

Co 

mg./ 100 gm. 

% 

A spa ra giis, a 11 green 

1 

Solid 

350 

62 

17.6 

60 

0.065 

62 

0.124 

71 



Liquid 

OOO 

38 

19.2 

40 

0.065 

38 

0.081 

29 

Beans, green cut 

5^ 

Solid 

375 

64 

5.41 

64 

0.036 

67 

0.054 

76 



Liquid 

212 

36 

5.54 

36 

0,032 

33 

0.030 

24 

Beans, lima, green 

4=^ 

Solid 

411 

70 

5.91 

56 

0.028 

68 

0.054 

76 



Liquid 

17S 

30 

10.3 

44 

0.030 

32 

0.039 

24 

Carrots 

1 

Solid 

378 

64 

2.55 

66 

0.022 

66 

0.021 

74 



Liquid 

216 

36 

1.97 

34 

0.020 

34 

0.013 

26 

Corn, white whole 

1 

Solid 

392 

67 

3.86 

! 

48 

1 0.015 

67 

i 0.031 

80 

kernel 


Liquid 

191 

33 

8.54 

52 

1 0.015 

33 

0.026 

20 

Corn, yellow whole 

4^ 

Solid 

405 

68 

0.19 

61 

i 0.034 

67 

0.063 

78 

kernel 


Liquid 

186 

32 

7.18 

39 

j 0.035 

33 

i 0.036 

22 

Peas, sweet wrinkled 

4® 

Solid 

393 

66 

9.30 

63 

I 0.120 

66 

j 0.065 

70 

varieties 


Liquid 

203 

34 

10.6 

37 

i 0.121 

34 

0.054 

30 

Spinach 

2® i 

Solid 

495 

63 

5.93 

! 62 

1 0.013 

69 

0.080 

76 


f 

Liquid 

296 

37 

i 6.15 

i 38 

! 0.014 

31 

0.042 

24 


^For asparagus, carrots, and white corn, six no. 2 cans were mixed | for each experiment with green Leans, lima Leans, yellow corn, uiul 
sweet i^eas, three no. 2 cans were mixed; and for each experimeiit with spinach, six no. 2-1 cans. 

" Except for ascorbic acid, 4 exiierinients. 

^Except for iiseorbie acid, 2 experiments. 

^Except for thiamine, 3 experiments, and for riboflavin, 2 experiments. 

® Except for thiamine, 3 experiments. 

^ Except for thiamine, 1 experiment. 


TABLE 2 


Distribution of water soluble vitamins in no. 10 cans of venetablrs.^ 




1 WEIGHT 

ASCORBIC ACID 

1 THIAMINE 

RIBOFLAVIN 

VEGETABLE 


Total 

j 

1 Distribu- 

Concen- i 

Distribii- 

j Concen- 

1 

i Distribu- 

Concen- 

Distribu- 



per can 

; tion 

tration , 

tion 

• tration 

: tion 

tration 

tion 



gm. 

% 

mg.flOO gm,. | 


i wg./lOO gm. 

% 

mg./ 100 gm. 

% 

Asparagus, all green 

Solid 

1888 

62 

13.1 i 

63 

i 0.077 

62 

0.114 

69 


Liquid 

1147 

38 

12.8 ■ : 

37 

1 0.077 

38 

0.086 

31 

Beans, green cut 

Solid 

1848 

61 

2.35 i 

61 

! 0.028 

67 

0.040 

74 


Liquid 

1183 

39 

2.37 j 

39 

j 0.022 

33 

0.023 

26 

Beans, lima, green 

Solid 

2309 

71 

7.02 1 

58 

1 0.020 

67 

0.055 

76 


Liquid 

942 

29 

12.5 j 

42 

j 0.025 

33 

0.044 

24 

Carrots 

Solid 

2203 

73 

1.28 1 

68 

i 0.022 

72 

0.024 

78 


Liquid 

846 

27 1 

1.61 j 

32 

1 0.022 

28 

0.018 

22 

Corn, white whole 

Solid i 

1 2013 

64 1 

4.70 ^ 

54 

j 0.010 

1 61 

0.051 

76 

kernel 

Liquid < 

j 

1148 

36 

6.93 I 

1 

46 

i 0.011 

39 1 

0.029 

24 

Corn, yellow whole 

Solid ! 

1985 

64 ; 

2.09 1 

46 

1 0.012 1 

^ 63 ! 

0.062 

72 

kernel 

Liquid j 

1103 i 

j 

36 ; 

4.36 i 

54 

i 0.012 i 

37 j 

0.044 

28 

Peas, sweet w-rinkled 

Solid 1 

2083 j 

69 i 

7.43 j 

62 

i 0.112 1 

68 

0.077 

73 

varieties 

Liquid 

970 j 

31 j 

10.00 1 

38 

1 0.118 j 

32 

0.062 1 

27 

Spinach 

Solid 1 

1497 

51 j 

16.2 1 

47 

1 0.024 

53 

0.132 j 

60 


Liquid ! 

1428 

49 i 

19.0 i 

53 

1 0.022 

47 1 

0,094 I 

40 


^For all vegetables, six no. 10 cans were mixed in each experiment and each average value is calculated from two such experiments. 
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Disirihutioji of vjater soluble vitamins in no. 10 cans of vegetnbirs. 
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in forty out of forty-seven determinations and were 73, 82, 82, 110, 
110, 111, and 116 in tlie I'eniainder. 

For tluoreseencG readings the Coleman Bloctronio Pliotofluorometer 
was used. For standardizing the instrument sensitivity the usual stable 
fiuophor, quinine sulfate (0.135 ag- per milliliter) in 0.1 N H..SO. 1 , was 
used for the thiochrome readings, wheiaui.s .sodium tluorescein (0.100 
Mg. per milliliter) in 0.01 X XhiOH was used for rihoHavin. 

The most important of the variations made by us from the rest 
of the Conner and Straub procedure concerned the fluorescence deter- 
minations in the eluatos of thiamine and riboflavni. For both, indiv- 
idual non-specific fluorescence blank readings were made ; in the former, 
by the usual Heunessy and Cerecedo (’39) technique of omitting the 
potassium ferrieyanide ; in the latter, by exposing some of each eluate 
to light (Najjar, 41), using a General Electric A.H-4 100-watt mercury 
vapor lamp in an ordinary pyrex test tube at a distance of 12 mm., from 
the lamp hnlb for a period (22 to 30 min.) which in preliminary tests, 
had been determined as sufficient to destroy all the riboflavin, follow- 
ing which the same KMnO^ and H 2 O 2 treatment used on an unexposecl 
aliquot of eluate was also given to the blank. Further appropinate 
corrections were also made on all readings for thiamine and riboflavin 
fluorescence values of those amounts of elarase represented in the final 
test aliquots. Moreover, for ])oth vitamin determinations internal 
standard readings were taken as the basis for calculation, using the 
average of the increments in readings in a series, obtained by the 
addition of 0.2 pg. (or 0.4) of thiamine and 1.0 pg. (or 0.5) of riboflavin 
to one aliquot from eacli of the respective cluates. 

DISCUSSION OD EESULTS 

Vegetables 

DupUcaiion of vitamin values in two lots from the same park. Vita- 
j)iiu concentration values in duplicate 3-can lots of consumer size cams 
and in duplicate 6-can lots of no. 10 cans of idcntica] code luimbers 
were in general, in good agTeement for thiamine and riboflavin, but 
not so good for ascorbic acid in nos, 2 and 24 cans and still less satis- 
factory for ascorbic acid in no. 10 cans. 

For thiamine and riboflavin, the variations between such duplicate 
lots for all can sizes were not over 10% except in five cases out of twenty- 
four for each vitamin, these rnnning between 11 and 21% for the 
thiamine and between 13 and 33% for riboflavin. 

For a.scorbic acid the variation in duplicate lots of nos. 2 and 21i 
cans was over 20% in only one sample out of fourteen, whereas, in 



NXJTEITIYE VALUE OP CANNED POODS 


137 


no. 10 cans there were six instances out of a possible ten in which 
variations were over 20% and reached as high as 40%. 

Comparative concentrations of vitamins in solids and liquids ( all 
can sizes). The concentration of ascorbic acid in the solid ran generally 
somewhat lower than in the liquid, the differences being most pro- 
nounced (50% to 100% of the solid value) for such products as corn 
and lima beans, in which a relatively lower water content of the solid 
portion probably explains the exaggerated diftevence in the amount 
of ascorbic acid dissolved in the two phases. 

The concentrations of thiamine in solid and liquid were the same, 
within experimental error, with eight exceptions among thirty-five 
possibilities. In the eight exceptional determinations, the variations 
between thiamine values for solids and liquids ran from 20% to 3.3% , 
and in both directions. 

The concentration of riboflavin in the solid was considerably higher 
than in the liquid in all eases, running higher from about 15% to 20% 
of solid value in the case of the solid of peas and some lima beans, to 
40% to 50% in the case of the solid of some samples of green beans, 
com and spinach. 

Distribution of weighty ascorbic acid, thiamine and riboflavin between 
solid and liquid. For ail sizes of cans and all vegetables except spinach, 
and one lot of asparagus in no. 10 cans, the solid weight was in the 
range of 60% to 73%. One 6-can lot of no. 24 cans of spinach had solid 
weight of 55% and two 6-can lots of no. 10 cans of spinach had solid 
weight of 48% and 54%, whereas the exceptional lot of asparagus 
contained 58% of solid. 

For all sizes of cans: in asparagus, green beans, carrots and peas, 
the solid carried 60% to 68% of the ascorbic acid; whereas, in white 
and yellow corn, lima beans, and spinach, the solid carried 46% to 
58% of the ascorbic acid. However, in consimier size cans there was 
one lot out of two, of yellow corn and spinach which fell in the range 
of the first group of vegetables in their ascorbic acid distribution. 

For all sizes of cans and all vegetables, except some asparagus and 
corn and all spinach in no. 10 cans, the solid carried from 62% to 72% 
of the thiamine. In one out of two 6-can lots each of asparagus and 
white corn in no. 10 cans, the solid carried 58% and 59%, respectively, 
whereas for spinach in no. 10 cans the average was 53%. 

For all sizes of cans, and all vegetables except spinach, the solid 
carried 70% to 80% of the riboflavin. Spinach varied a great deal, 
for in no. 24 cans the solid had 69% and 82% of the riboflavin, whereas 
in no. 10 cans it varied from 57% to 62%. In one out of two lots of 
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as^oaragus, in no. 10 cans, the solid also had less of the riboflavin, 
64%, 

Fruits 

Comparative concentrations of vitamins in solids and liquids. (Con- 
sumer size cans only). In contrast to vegetables, the ascorbic acid 
concentration in the solids of canned fruits was the same, mthin ex- 
perimental error, as in the liquids except in the ease of joears. For 
these the solid had a 20% higher value than the liquid. 

As for vegetables, thiamine concentrations are about the same in 
solids and liquids, excejpt possibly in prunes, in which the 20% higher 
value for solids should be significant, the difference being in excess 
of experimental errors. 

Also as for vegetables, riboflavin values for solids are higher than 
those for liquids in all fruits except cling peaches. Although in most 
instances the percentage differences are as great as for vegetables, 
they are not as significant, especially for the lowest values, because 
of the large experimental errors in such low values. 

Distribution of weight, ascorbic acid, thiamine and riboflavin hetiveeoi 
solid and liquid. The whole range of solid weight is 46% to 67%, with 
prunes and freestone peaches lowest and cling peaches highest. There 
are too few values to break them down into groups. 

The total ascorbic acid carried by the solid follows quite closely the 
percentages of solid weights and therefore the v'alues are also dif- 
ficult to group. In pears, however, higher ascorbic acid concentration 
in the solid which has been noted, shows up in the percentage figure 
for ascorbic acid in the solid. 

The total thiamine carried by the solid also follows the percentages 
of solid weight, being significantly higher only for prunes, as might be 
expected from the concentration values, and for freestone peaches, 
where the difference may he due to unduly large errors in the extremely 
low thiamine values. 

The total riboflavin carried by the solid is by percentage 6% to 12% 
higher than the percentage of solid weight, except, of course, in cling 
peaches, where it is lower in accordance with its lower concentration 
in solid. 

SUMMAET 

To obtain information about the distribution of water-soluble vita- 
mins in canned vegetables and fruits, determinations of ascorbic acid, 
thiamine and I’iboflavin were made on the drained solids and liquids of 
mixed 3-ean or mixed 6-can lots of identical pack, including eight dif- 
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ferent vegetables, both m consumer size and in no. 10 size cans, and 
seven different fruits in consumer size cans. The deg'ree of agreement 
between the concentrations of these vitamins in duplicate lots of iden- 
tical pack and the comparison of the concentrations in solids and liquids 
are summarized. Regarding the over-all distributions, the observa- 
tions led to the following general conclusions: (1) in most canned veg- 
etables the solid weight, being 60% to 73% of the total can contents, 
canied 46% to 68% of the ascorbic acid, 62% to 72% of the thiamine, 
and 70% to 80% of the ribofiavdn. Spinach was the outstanding excep- 
tion to these ranges, for with solid weights ranging' from 48% to 55% 
of the total, all vitamin contents of the solid were correspondingly 
lower. (2) In fruits, the solid weights of the packs showed more varia- 
tion, being 46% to 67%, and the vitamin percentages borne by these 
solids were consequently also more variable, ascorbic acid and thia- 
mine percentages in solid agreeing closely with the weight percentages, 
and riboflavin paralleling them at about 5% to 12% higher level. 
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EFFECT OF THE COMPOSITION OF THE DIET ON THE 
RIBOFLAVIN REQUIREMENT OF THE EAT ^ 


G. J. MANNEBING, DEMOSTHENES OESINI “ AND C. A. BLVEH.TB^r 

. Demriment of BiochemistrH, CoTlepe of Agriculture, Vnivcrsity of Tf iscoimit, Madison 

(Beecivcd for publication April 10, 1944) 

In a previous report (Maimering, Lipton and Elvehjem, ’41) data 
were presented to show that the fat content of the diet had a marked 
effect on the riboflavin requirement of the rat. The feeding of riboflavin- 
loAv dextrin rations in Avhieh a large proportion of the carbohydrate had 
been isocalorically replaced by fat increased the amount of riboflavin 
needed by rats for growth and enabled the production of deficiency 
symptoms of greater severity than are usually observed. Animals fed 
these high fat rations developed a spastic paralysis of the hind quarters 
which could be prevented or cured by the administration of riboflavin. 
Shaw and Phillips (’41) have substantiated the above work and have 
been able to correlate the paralysis with degenerative neural changes. 

The increased riboflavin requirement resulting from the substitution 
of fat for dextrin might be explained on the basis that an increased cel- 
lular demand for the vitamin occurs during the metabolism of fat, or, 
as seems more likely from the experiments that are to follow, that such 
an alteration in dietary constitution results in a decreased synthesis 
of available riboflavin by intestinal bacteria. Several papers have ap- 
peared in the literature emphasizing the role of dextrin in promoting 
the intestinal synthesis of certain vitamins. The coprophagy studies 
of Guerrant, Dutcher and Tomey (’35) and Guerrant, Butcher and 
Brown (’37) demonstrated that the feces of dextrin-fed rats contained 
greater quantities of undifferentiated B complex than the feces from 
rats fed sucrose, lactose, glucose, or cornstarch. Guerrant and Dutcher 
( ’34) studied the effects of various dietary constituents on the require- 
ment of rats for thiamine and vitamin G (the heat stable portion of the 

^Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. This work was supported in part by grants from Commercial Solvents Corporation, 
and the Research Funds of the University. 
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B complex). They concluded that fat and protein had no effect that 
higher levels of salts increased, and that agar, cellulose and dextrin 
decreased the amount of vitamin G needed in the diet. Although ribo- 
flavin was not considered independently of vitamin G, these studies 
strongly suggest that the amount of riboflavin required in the diet by 
the rat may depend in part on the amount of riboflavin supplied from 
an enteric source, and that this, in turn, can be. greatly influenced by 
certain dietary ingredients, particularly dextrinized cornstarch. 

The present investigation was undertaken to obtain further informa- 
tion regarding the relationship between dietary fat, dextrin, and ribo- 
flavin, and was later extended to include a study of the effect of other 

carbohydrates and of fat on the requirement for and fecal excretion of 
riboflavin. 

EXPERIMENTAL AND RESULTS 


affect of substituting fat for dextrin 

The exposition of the riboflavin-low diets used is presented in 
table 1. Rations K-25 and K-27, containing 25 and 40% of fat, respec- 
tively, are modifications of high carbohydrate ration 11-24 made bv 
isodynxically replacing dextrin with lard. Ration K-26 differs froin 
ration K-25 only in that a fat of vegetable origin was substituted for 
lard. All rations used in this series and those following were kept un- 
der refrigeration. The dextrin was prepared by making a paste of 
commercial cornstarch and water, autoclaraig for 3 hours at 15 pounds 
pressure, drying, and grinding. ^ 

To albino^ats weighing 35 to 40 gm. were partiallv 
depleted of their riboflavin reserves for 2 weeks on ration K-24 before 
bei^ divided mto four groups of twelve animals receiving the above 
diets and varying amounts of riboflavin (0, 3, 6, 9, and 12 ug per davl 
m,e nboiiavin was fed m * ml. of a 25%’etaol solute wMel. was 
pipetted into small dishes. The animals were housed in individual 
cages Raving i inch mesh screen bottoms. Pood consumption records 
were kept throughout the supplementation period. Spilled food was 
collected on_ paper t^els placed beneath the cages and weighed The 

results obtained during the 7 weeks following the depletion nerind 
summarized in table 2. aepjetion peiiod are 

Examination of the table reveals that at each level of riboflavin in 
t Je the growth of the animals receiving the high dextrin ration (7^ 
fat) was superior to that of rats fed the 40% fat diet The ttTtl r 
fed tte 25% At „tio„e w«e dit 

* Orisco. 
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B oonipiex). They eoiicliule.l tliat ftit and protein }7ad no effect, that 
liiglier leveLs of salts iiieroased, and tliat agar, cellulose and doxtim 
di'creused the amount of vitamin G needed in the diet. x4.1though liho- 
flavin was not conshlerod independently of vitamin G, these studies 
strongly suggest that the amount of riboilavin recpiired in the diet In 
the rat may depend in part on the amount of riboHavin supiffied f rom 
an enteric source, and tliat this, in turn, can be greatly influenced by 
certain tlietary ingredients, particularly dextriuized conistarcli.^ 

Tlie present investigation was undertaken to obtain further informa- 
tion regarding the relationship between dietary fat, dextrin, and ribo- 
flavin, and was later extended to include a study of the effect of other 
carbohydrates and of fat on the requirement for and fecal exci’etion of 
riboflavin. 

KXPJCRIMEXTAL AND RESULTS 


Effect of substituting fat for dcxfriu 

The composition of the riboflaviu-low diets used is presented in 
table 1. Rations Iv-25 and K-27, coiitaiiiing 25 and 4U% of fat, respec- 
tively, are modifications of high carbohydrate ration K-24 made by 
isodynainicaily replacing dextrin with lard. Ration K-26 differs from 
ration Iv-25 only in that a fat of vegetable origin was substituted foi’ 
lard. All rations used in this series and those following were kept un- 
der refrigeration. The dextrin was prepared by making a paste of 
commercial cornstarch and water, autoclaving for 3 hours at 15 pounds 
pressure, diyiug, and grinding. 

TJiree-woek-old male aflnuo rats weighing 35 to 40 gm. wei'e pai’tially 
depleted of their riboflavin reserves for 2 weeks on ration K-24 before 
being divided into four groups of twelve animals receiving the above 
diets and varying amounts of riboflavin (0, 3, 6, 9, and 12 ug. per day). 
The riboflavin was fed in 4 ml. of a 25% ethanol solution wliich was 
pipetted into small dishes. The animals were housed iu individual 
cages having J inch mesh screen bottoms. Food consumption records 
'were kept throughout tlie supplementation period. Spilled food was 
collected on paper towels placed beneath the cages and weighed. The 
results obtained during the 7 weeks following the depletion pei’iod are 
siimmariKed in table 2. 

Examination of the table reveals that at each level of riboflavin in- 
take the growth of the animals receiving the high dextrin ration (7% 
fat) was superior to that of rats fed the 40% fat diet. The growth of 
animals fed the 25% fat ration.s wms intermediate. No important dif- 
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^Hegsted et al. (^41). 

® Eibofiavin-f ree liver extract (Wagner et al., ’40). Mixed into the ration in amounts equivalent to 4% of the original liver powder. 

* Bats receiving these rations were given a daily oral supplement of the following vitamins (fig.) dissolved in i mi. of a 25% ethanol solu- 
tion: thiamine, 40; pyridoxine, 50; pantothenic acid, 150; nieotinie acid, 500; and choline, 10,000. 
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fereiices could be shown between the groups receiving lard and Crisco. 
If the gains in weight of the rats fed each of the rations are plotted 
against the daily riboflavin dosage (omitted here to conserve space), 
it can be shown that increasing the fat in the diet to 40% at the expense 
of dextrin had an effect of increasing the riboflavin requirement about 
4 to 6 ng. per day. Similarly, the feeding of rations containing 25% fat 
increased the requirement by about 2 pg-, per day. The economy of food 
utilization, calculated as grams gained per 100 Cal. consumed, is closely 
correlated with the responses in growth made by the rats receiving the 
different rations and varying amounts of riboflavin. 


table 2 

Growth of rats receiving rations containing different percentages of fat and graded amoitnts 
of riboflavin. (Each Hgnrc represents the average response of 3 rats.) 


B ATI OK 

NO. 

TYPE OF 
RATION 

DAILY RllHOPLAVIN 
INTAKE IK 
MlCKOORAMS 

GRAMS GAINED 

IN 7 WEEKS 1 

GRAMS GAINED PER 
CALORIE FED X 100 
j ( 7 WEEKS) 

K*24 

Higli dextrin 

0 

12 

1.1 



3 

72 

j 5.7 



6 

102 

1 6.9 



9 

148 

7.1 



12 

170 

1 8.0 


Average 


101 

; 5.8 

K-20 

25% lard 

0 

10 

1 



3 

41 

! 4.0 



6 

71 

5.4 



9 

88 

6.6 



12 

121 

7.1 


Average 


60 

4.8 

to 

26% Crisco 

0 

8 

,9 



3 

39 

4.1 



6 

61 

5,7 



9 

98 

6.6 



12 

110 

6.6 


Average 


65 

4.8 

K-27 

40% lard 

0 

4 

.4 



3 

16 

2,1 



6 

63 

4.8 



9 

84 

5.9 



12 

98 

6.9 



Average 


61 

4.1 


’ Total grams gainefl during 7 weeks following 2-week depletion period on riboflavin' low 
T.otion K-24. 



MET AND EIBOFLAVIN BEQDIEEMENT 


145 


That a 40% level of fat in the diet does not restrict the growth of rats 
when adequate riboflavin is supplied was demonstrated by raising two 
groups of four weanling male rats on rations K-24 and K-27 plus 100 
Mg. of riboflavin per daj^ At the end of 6 weeks the animals fed the high 
dextrin ration showed an average weight increase of 184 gm. while those 
receiving the high fat diet had gained an average of 189 gm. 

It was conceivable that in riboflavin deficient rats the deleterious ef- 
fect of fat might be due to an impairment of fat absorption. In order 
to test this possibility fat balance studies were conducted during the 
third and fourth weeks following the depletion period on rats receiv- 
ing the high dextrin (K-24) and high fat (K-27) rations. Fat retention 
was excellent in all animals regardless of the type of ration fed or of 
the riboflavin intake. The average retention of the fat of ration K-24 
was 96% (95 to 99) and of ration K-27, 98% (97 to 99). 

The total fat content of the livers of all the rats was determined in 
an attempt to detect a disturbance in fat metabolism or transport. Liver 
fat on a dry basis varied between 1.6 and 5.9%. The variations could 
not be associated with either the amount of riboflavin or the type of 
ration fed. ■ 

Effect of suhstihiting fat for sucrose 

As mentioned previously, the effect of dietary fat in increasing the 
riboflavin requirement might be due not to the fat itself but to the 
replacement of dextrin, a carbohydrate known to stimulate the synthesis 
of vitamins by intestinal bacteria. Sucrose apparently lacks a similar 
stimulatory property. If the problem is essentially one of bacterial 
synthesis, the use of sucrose rather than dextrin as the source of carbo- 
hydrates should reduce growth, and the substitution of fat for sucrose 
should not result in a further reduction. With this in mind the follow- 
ing experiment was designed. 

Groups of sixteen male weanling rats were partially depleted of their 
riboflavin reserves by feeding for 2 weeks the following riboflavin-low 
rations (table 1) : K-24 (high dextrin), K-27 (40% fat, dextrin), K-28 
(high sucrose), and K-29 (40% fat, suci'ose). The animals within each 
group were then given varying amounts of riboflavin, namely, 0, 6, 12, 
24, and 36 Mg- per day. The growth responses of the rats during the 6- 
week experimental period including the first 2 weeks of depletion are 
given in table 3. 

The superiority in growth of rats receiving the high dextrin ration 
over animals fed the dextrin-lard ration is again substantiated. This 
same relationship cannot be shoym when sucrose is employed as the 
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source of carbohydrate. This is in agreement with the observations of 
Potter, Axelrod and Elvehjein ( ’42) Avho were unable to show any ef- 
fect of fat on the riboflavin requirement of dogs fed sucrose rations. 
The growth of rats fed the high sucrose ration was not significantly 
greater than that of animals fed either of the high fat diets. Eats fed 
the lai’d-dextrin ration, K-27, grew no better than those receiving the 
.sucrose or lard-sucrose diets although this diet contains considerable 
amounts of dextrin. It would appear that fat reduces or eliminates the 
liboflavin sparing effect of dextrin when these two constituents are 
included iii the same ration. 

TABLE 3 


Growth of ruU reccivinij diffcretii riboflavin-low diets and various levels of riboflavin, 
(Total grams gained in € weelis, including i^-weeh depletion period,) 


BATION i 


MIC^ROOBAMS 02*' IOBOELAVIN/DAY ^ 

NO. 1 

i TYPE OF RATION 

1 

0 

(4) 

6 ! 

(3) 1 

12 

(3) i 

24 

(3) . 

36 

{3) 

iA-24 j 

Dextrin 

33 

69 

88 

159 i 

159 

K-27 

I Lard-dextrin 

i 4 

40 

75 

116 

124 

K-28 

Sucrose 

i 21 

43 

89 

121 

149 

K-29 ' 

Lard-suerose 

12 

! 46 ^ 

75 

128 

153 


^ jSTnmber of rats indicated by nundiers in parentheses. 


The comparison of the sucrose and high-fat sucrose rations was re- 
peated by raising two groups of five young male rats on rations K-28 
and K-2.9 plus a suboptimal daily dose of 6 |jg. of riboflavin. The pre- 
liminary depletion period was omitted. Food consumption records were 
kept throughout the 7-week experimental period. The rats fed the 
high-sucrose ration gained an average of 82 gm. and those receiving the 
40% fat-sucrose diet showed a weight increase of 76 gm. The utiliza- 
tion of the two rations was comparable, 5.9 and 5.4 gm. gained per 100 
Cal. consumed of rations K-28 and K-29, 1'espectively. 

Effect of mrioiis carbohydrates and of fat on the requirement 
■ for and fecal excretion of riboflavin 
The above work suggests that the beneficial effect of dextrin is due 
to its stimulation of the production of available riboflavin by the in- 
testinal flora of the rat. If this concept is correct, a positive correlation 
might be found between growth and the amount of riboflavin excreted in 
the feces or contained in the cecum. The size of the cecum might also 
be related to the amount of riboflavin synthesized. The following ex- 
periment %vas designed to determine whether or not such correlations 
could be made. . 
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A total of 78 three-week-old male rats were fed isoealorieally equiv- 
alent rations differing only in the kind of carbohydrate or in the amount 
of lard present. The following types of diets were employed (table 1) : 
high sucrose {K-30), 40% fat, sucrose (K-31), high dextrin (K-32), 
40% fat, dextrin (K-33), 40% lactose, sucrose (K-34), 40% fat, lactose 
(K-35), high-suci'ose to which 10 parts of cellulose per 100 parts of 
ration had been added (K-36), 40% fat, sucrose, cellulose (K-37), high 
commercial cornstarch from which the dextrin had been prepared 
(K-38), and high alcohol-extracted dextrin (K-39). The last ration 
■was fed to determine whether or not alcohol extraction would remove 
any hypothetical substance responsible for the stimulatory effect of 
dextrin. All animals received 6 ng. of riboflavin per day throughout 
the 6-week test period in order to insure consistent yet suboptiihal 
growth. Half of the rats received the fullers’ earth-treated butanol 
liver extract equivalent to 4% of the original liver powder, but be- 
cause these animals responded no differently than did non-supple- 
mented animals of the same group, no differentiation is made between 
the rats within each group. The rations containing high levels of fat 
w'ere prepared daily and fed in clean food dishes to prevent rancidity. 

At the end of 6 weeks the feeding of riboflavin was discontinued. 
The rats were maintained for an additional 9 days and throughout the 
last week of this period the feces were collected daily and stored in the 
refrigerator. The animals were then killecl and the cecal contents col- 
lected quantitatively. The feces and cecal contents were dried in vacuo 
at 55° C., weighed, and saved for later riboflavin analysis. 

The riboflavin content of the feces of individual rats was determined 
in duplicate using essentially a combination of the fluorometric methods 
of Hodson and Norris (’39) and Conner and Straub (’41) as outlined 
by Andrews (’43). Because of the small quantities of material avail- 
able, the cecal contents of the animals of each group were combined for 
analysis. Several samples of feces were assayed by the bacteriological 
method of Snell and Strong ( ’39) as well as by the fluorometric method. 
The values obtained by the former procedure were erratic and as much 
as two or three times- higher than those obtained by fluorometric 
analysis. This discrepancy was eliminated, however, by employing the 
Strong and Carpenter (’42) modification of the bacteriological assay 
which involves the removal of fatty stimulatory substances by means 
of ether extraction. The average riboflavin content: of twenty samples 
of feces as measured by the fluorometric and bacteriological procedures 
was, respectively, 27.6 and 26.3 gg. per gram. i 
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Lamoreux and Scliuinaelier (’40) have reported that the riboflavin 
content of chicken excreta increases as much as 100% in 24 hours on 
standing at room temperature. That a similar synthesis of riboflavin 
did not occur in the rat feces during the collection intervals was shown 
indirectly by comparing the riboflavin content of the formed fecal ma- 
terial from the lower colon, obtained when the animals were autopsied, 
with that of the feces that had been collected throughout the preceding 
week. The colonic “feces” of eight animals taken at random from the 
various gi'oups contained an average of 30.1 pg. per gram while the 
dropped feces from the same rats had a comparable riboflavin content 
of 32.9 Mg. per gram. Active riboflavin sjmthesis probably does not oc- 
cur in rat feces on standing because of their relatively low moisture 
content. 

TATil.R 4 


Effect of variova earholuidralcs and of fai on growth and on the fecal excretion of riboflavin. 
All rata received 6 i^g. of rihoflavin per day exeepi dnrivg period of feres eoJIeeUon. 
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It was obviously important to determine whether or not significant 
quantities of riboflavin were being contributed by the varialfle consti- 
tuents of the diets. Lard, sucrose, cornstarch and lactose were found 
to coirtain less than 0.1 Mg- of riboflavin per gram as measured by the 
fl.uoromotric method, amounts that could not seriously affect the results 
of thi.s experiment. The results ai*e given in table 4. 

The growth of rats i-eceiving the high dextrin, cornstarch, and alcohol- 
extracted dextrin diets was superior to that of animals fed any of the 
other rations. Again the substitution of lard for a large part of tlie 
dextrin of the diet had a deleterious effect on growth while a similar 
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replacement of sucrose liy lard was witliout effect. The inclusion of 
cellulose in the sucrose and lard-.sucrose rations did not imi^rove growth 
apiireciably. The replacement of a large part of the sucrose of ration 
K-30 with lactose resulted in a slight increase in growth. 

With the excexjtion of the lactose-fed groups, growth is roughly pro- 
portional to the amount of riboflavin excreted per week in the feces. 
Similarly, but to a less marked degree, those groups of rats which ex- 
hibited the best growth, produced feces containing the greatest amount 
of riboflavin per gram. About the same amount of fecal riboflavin was 
excreted iveekly by the animals receiving the high sucrose, fat-sucrose, 
fat-dextrin, and the cellulose diets. Although the riboflavin content of 
the feces of animals fed the cellulose diets was very low, the large 
amount of feces voided made the total excretion comparable to that of 
rats fed the high-sucrose diet without cellulose. 

The feeding of the lactose-sucrose diet resulted in the greatest fecal 
production of riboflavin. According to the above correlation made be- 
tween growth and the amount of riboflavin found in the feces, one might 
have expected the growth of the lactose-fed rats to have been corre- 
spondingly above that of the other animals, but this was not the ease. 
It is possible, hoivever, that when lactose wms fed, the suboptimal libo- 
flavin intake ivas not the primary growtli-limiting factor. The data of 
Boutwell, Geyer, Elvehjem and Hart (’43) show that on a diet con- 
taining 48% lactose and an abundance of all the known vitamins, rats 
do not grow as well as when other carbohydrates are employed. When 
lai'd wms substituted for the sucrose and part of the lactose of lactose- 
sucrose ration, K-34, the total focal riboflavin was greatly reduced. 
Likewise the replacement of a substantial part of tlie dextrin of ration 
K-32 wdtli lard resulted iu a decreased fecal riboflavin output. The rela- 
tively loiv degree of intestinal synthesis of riboflavin which results 
ivhen the high-sucrose (K-30) and sucrose-cellulose (K-36) rations are 
fed was not further decreased hy the inclusion of high levels of fat in 
these diets. 

With certain exceptions, the total amount of riboflavin excreted in 
the feces is related to the size of the cecum as measured bv the dry 
weight of the cecal contents. The eeca of lactose-fed rats were greatly 
distended and contained w-hitish material, presumably lactose. Tlie 
feeding of dextrin rations K-30 and K-39 also resulted in large ceca. 
It was in these animals that the greatest synthesis of riboflavin oc- 
curred. On the other hand, the feeding of cornstarch was responsible 
for abundant fecal production of riboflavin even though large ceca 
were not found. Conversely, the intestinal synthesis of riboflavin in 
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cellulose-fed rats was not great although the cecal size per 100 gm. of 
these animals was about the same as that of the rats receiving the high- 
destrin ration. Apparently the amount of riboflavin excreted in the 
feces is as dependent upon the type as upon the quantity of material in 
the cecum. Although somewhat lower in most instances, the riboflavin 
values of the cecal contents are a reflection of those of the feces. 

'Effect of a high dietary intalce of fat on the deficiency 
symptoms and survival of riboflavin deficient rats 

It has been shown previously (Mannering et ah, ’41) that rats re- 
ceiving a high fat-dextrin diet deficient in riboflavin develop a spastic 
paralysis of the hind quarters, a condition that does not occur with 
any marked severity when a high dextrin ration is fed. This same rela- 
tionship of paralysis to fat intake can be shown when sucrose rather 
than dextrin is employed as the source of carbohydrate. 

One group of rats weighing between 65 and 75 gm. received the basal 
high-sucrose ration K-30 and another, the lard-sucrose imtion K-31. 
Animals of this size were employed in order to produce a chronic I’ather 
than the more acute state of deficiency which results when smaller rats 
are used, a liigher incidence of spastic paralysis resulting when the de- 
ficiency is prolonged over many weeks. Animals were allowed to con- 
tinue on exfjerimeut for 133 days throughout which time no riboflavin 
was administered. The high fat ration was prepared and fed daily to 
prevent rancidity. 

Of six rats fed the high-sucrose diet three were still alive after 133 
days. The average survival time was 118 days (83-133 days). Although 
several of these rats showed minor symptoms of spasticity before 
dying, in no instance could the condition be considered severe. None of 
the seven rats fed the lard-sucrose diet survived the 133-day period 
and the average survival time was 81 days (50-126 days). All of these 
rats developed severe paralysis. 

These results w^ere confirmed in a similar experiment. Eight of 
twelve rats fed the high carbohydrate diet survived the 133-day period, 
the average survival time being 113 days (85-133 days), as compared to 
91 days (66-125 days) for twelve animals receiving the high fat diet. 
Again severe spasticity occurred only in rats fed the high lard ration. 
Three of the rats of each group were given 2 ag. of biotin per day 
(biotin liver concentrate) and three others received 10 mg. of inositol 
per day. Neither of these substances had any influence on survival or' 
the deficiency symptoms. That the extremely emaciated condition of the 
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deficient rats was not responsible for the paralysis was shown by main- 
taining the weights of six rats receiving the high fat diet pins 100 tig. 
of riboflavin per day equal to the weights of six of the above rats fed 
the same ration without riboflavin by limiting the food intake of the 
former. Although emaciated, the starved animals receiving abundant 
riboflavin remained outwardly in excellent condition. 

In addition to aggravating the production of spastic paralysis and 
decreasing the survival time the feeding of a high fat diet results in a 
more severe dermatitis and alopecia than is obtained when a high 
sucrose diet is fed. Denuded and incrusted areas are particularly noted 
about the face and limbs. Animals in the advanced stages of the defici- 
ency have been cured by feeding 100 ng- of riboflavin per day. By the 
end of 2 or 3 weeks the spasticity completely disappears. Large clumps 
of a mixture of hair, skin and ration are pulled off by the rat leaving 
practically the entire surface of the animal bare. Gradually the hair 
grows in and the rat appears normal in all respects except that a few 
scars remain, especially about the face where incrustation is usually 
severe. 

A condition known as “spectacle eye”, characterized by a local 
alopecia immediately surrounding the eyelids of rats, has been related 
to biotin (Nielson and Elvehjem, ’41) and to inositol (Pavcek and 
Baum, ’41) deficiency. Chick, Macrae and Worden (’40) have noted a 
similar loss of hair in riboflavin deficient rats. A majority of the ani- 
mals in our experiments developed this peculiar hair loss about the eyes 
which could not be prevented by the daily administration of 2 ag. of 
biotin or 10 mg. of inositol. These rats were commonly observed in the 
act of rubbing their eyes which probably accounts for the observed 
“spectacle eye”. 

The reddish accumulation of porphyrin on the paws, nose and 
whiskers of riboflavin deficient rats described by Chick et al. ( ’40) was 
observed in all but a small percentage of the above animals. The num- 
ber of rats showing cataract was two out of eighteen fed the high caibo- 
hydrate diet and six out of nineteen receiving the high fat ration. 

DISCUSSION 

It is apparent from the foregoing experiments that dexti’in and corn- 
starch reduce the dietary riboflavin requirement of the rat and that 
sucrose, cellulose, or fat do not share this property. Dextrin and corn- 
starch probably increase the amount of available riboflavin synthesized 
in the intestine by providing, the intestinal microorganisms . with a 
favorable medium for such synthesis, by increasing the number of 
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microorganisms, or by cbauging tbe flora to a type capable of xjroduc- 
ing greater quantities of tbe vitamin. The incomplete digestion of dex- 
trin or cornstarch allows some of the carbohydrate to reach the lower 
regions of the tract where microorganisms are ordinarily found in 
abundance. Sucrose is more readily digested and absorbed than dex- 
trin or cornstarch and would not be expected to reach this site of in- 
creased bacterial activity in any great quantity. This concept is in 
keeping wdth that suggested by Guerrant et al. ( ’35). Fat and cellulose, 
though capable of reaching the lower tract, are apparently of little 
value in promoting the synthesis of available riboflavin. In fact, fat may 
inhibit such synthesis. 

The position of lactose in sparing riboflavin is uncertain, allowing 
growth intermediate between that obtained on the sucrose and dextrin 
diets. Morgan, Cook and Davison ( ’38 ) have reported that the feeding 
of lactose reduces the riboflavin requirement below that of animals fed 
either sucrose or cornstarch and were able to show that the eeca of lac- 
tose-fed rats contained appreciable amounts of iibofla\dn. Contrary to 
our observations, their data do not indicate that cornstarch supports 
better growth than does sucrose when the liboflavin intake is limiting. 

Numerous investigators in the past have noted that the feeding of 
vitamin-low rations containing certain constituents results in greater 
growth than can be accounted for by the vitamin content of these con- 
stituents, and they have attempted to correlate such unusual growth 
with an increased vitamin content of the feces or of the material found 
in various sections of the digestive tract. Most of this work has not 
been of a strictly quantitative nature due largely to inadequacy of 
vitamin determination methods and to the inability to properly differ- 
entiate between the individual components of the B complex. 

The idea has prevailed that a measurement of the vitamins in the 
tract and in the feces could somehow be used as a relative measure of 
the amount of the vitamin made available to the animal through bac- 
terial synthesis. That such a relationship must necessarily exist is 
untenable on theoretical grounds. It can be successfully argued that 
the vitamin content of the feces or of other intestinal material may 
have little to do with the amount of the vitamin absorbed by the host. 
For example, the riboflavin may be synthesized in a region of the in- 
testine from which it cannot be absorbed. Selye (’43) has studied the 
absorption of riboflavin from the various sections of the tract, sepa- 
rated by ligatures, using nephrectomized rats. He concludes that in 
the small intestine, riboflavin is both absorbed and excreted, while in 
the cecum and colon, injected riboflavin is rapidly destroyed with little. 
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if any, absorption of tbe vitamin. However, in Ms experiments very 
large concentrations of riboflavin were employed, and only amounts of 
tbe vitamin that could be detected gTOSsly were considered. Whether 
or not minute amounts of riboflavin, such as are involved under normal 
conditions, can be absorbed from the cecum and colon still remains a 
question. That the cecum does actually contribute to the supply of the 
rat’s B vitamins has been demonstrated in the cecectomy studies of 
Taylor, Pennington and Thacker (’42). The cecum has been empha- 
sized as the most probable site of bacterial synthesis largely because of 
the abundance of microorganisms found there. However, other sections 
of the tract cannot be ignored in this respect. Porter and Eettger 
( ’40) find, contrary to much prevailing opinion, that the upper intestine 
of the rat contains appreciable numbers of viable bacteria. 

Secondly, the vitamin may exist as an integral part of the bacteria, 
unavailable to the animal. Abdel-Salaam and Leong (’38) have demon- 
strated that the thiamine synthesized by the mixed flora taken from 
the ceca of rats and grown in vitro is contained in the bacterial cells 
rather than in the surrounding medium, and Mitchell and Isbell ( ’42) 
find that the greater proportion of the vitamins found in the cecal con- 
tents of rats is contained in the bacterial cells. However, it has been 
shown that when bacteria, capable of sjmthesizing vitamins, including 
those species normally found in the tract, are grown in pure cultures, 
the vitamins synthesized are found largely in the medium (Burkholder 
and McVeigh, ’42, Thompson, ’42, Rodgers, ’42). The vitamins elabo- 
rated are a result of both bacterial excretion and autolysis. This dif- 
ference between the amount of free vitamin obtainable when mixed 
and when pure cultures were used is understandable if, in the mixed 
cultures, bacteria requiring or destroying an external source of the 
vitamin are present as well as those capable of its synthesis, in which 
case, the former wnuld utilize the vitamin released by the latter. Com- 
parable symbiotic relationships may be expected to exist in the cecum 
and other parts of the tract containing a mixed flora. 

The contents of the tract may be considered to be in constant state 
of activity, bacteria constantly dividing, dying, disintegrating, and giv- 
ing up their contents for digestion and absorption. Organisms may be 
excreting vitamins directly into the intestinal media to be absorbed 
with varying degrees of rapidity by either the host or by still other 
bacteria requiring the vitamin. The state of the intestinal contents at 
any given instant, then, will be the result of the relative rates at which 
the many possible processes proceed. A small quantity of either total 
or available vitamin in the intestinal material or feces might be inter- 
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preted to mean that large amounts of the vitamin had been formed and 
absorbed as well as that a small quantity had been produced. 

In view of the above considerations, it is understandable that in our 
experiments, growth could not be unconditionally correlated with the 
fecal riboflavin excretion. Perhaps it is more surprising than otherwise 
that the correlation was as good as it was, the only exception being that 
of the groups receiving lactose. 

It is important that investigators conducting vitamin balance studies 
recognize that riboflavin is produced in significant quantities by bac- 
teria in the tract and that the amount of riboflavin in the feces is largely 
independent of the amount fed in the diet. Sure and Ford (’42) over- 
looked this fact and considered the fecal excretion of riboflavin to be 
unabsorbed vitamin of dietary origin. Vitamin balance studies such as 
those of Mitchell and Isbell ( ’42) do not give accurate values for the 
amounts of the B complex obtained by the rat from an enteric source 
because the degree of destruction of these vitamins in the tissues is 
not known. 

Though little difference can be shown between the growth of ribo- 
flavin deficient rats receiving sucrose and high fat-sucrose diets, fat 
aggravates the production of spastic paralysis, suggesting a role of 
riboflavin in neiwe metabolism. Nielson and Elvehjem (’42) have re- 
ported a similar spasticity in biotin deficient rats receiving abundant 
riboflavin. The two conditions am not identical, however, in that biotin 
failed to prevent the paralysis resulting from the lack of riboflavin. 

While studying the sparing action of fat on thiamine, Evans) Lep- 
kovsky and Murphy (’34) observed that rats continued to grow on a 
55% fat ration deficient in thiamine but adequate in vitamin G, and 
that if vitamin G was discontinued, the animals developed what were 
described as typical symptoms of beriberi. They concluded that vita- 
min G prevented these symptoms, and in effect,^ actually spared thia- 
mine. It now seems more likely that these workers had observed the 
paralysis due to riboflavin deficiency rather than the symptoms of 
thiamine avitaminosis. 


SUMMAEY 

When the riboflavin intake is sub-optimal, rats receiving a diet rich 
in dextrin or cornstarch show greater weight increases than do animals 
receiving diets characterized by their content of sucrose, cellulose, lac- 
tose, or lard. Lactose is not entirely without effect in this respect. 

The total fecal output of riboflavin of rats receiving various ribo- 
flayin-low diets has been determined, and in general, those carbo- 
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hydrates which decrease the amount of dietary riboflavin needed by the 
rat for growth are also responsible for the greatest quantities of ribo- 
flavin in the feces. However, the fecal excretion of riboflavin was 
greatest when lactose was fed, although the growth-promoting effect 
of lactose was not great. 

The relationship between growth, cecal size, intestinal synthesis, 
and the quantity of riboflavin in the cecum and feces is discussed. 

The feeding of high levels of dietary fat to riboflavin defteient rats 
results in a spastic paralysis of the hind quarters, a condition not noted 
with any degree of severity when riboflavin-low rations of high carbo- 
hydrate content are employed. Riboflavin deficient rats survive for 
shorter periods of time when fed a high fat ration than when main- 
tained on a high carbohydrate diet. 
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Several ]ja])cM‘s have apj)oared recently dealhig with riboflavin an 
a factor affecting tlic efficiency of food ntilization in the rat. Snre and 
Dicliek (’41) and Sure (’41), employing a paii'od-feeding tecliniqne, 
have shown that riboflavin has a pronounced effect on the utilization 
of food for the synthesis of body tissues. It was further demonstrated 
that, unlike in a thiamine deficiency, the final collapse of the riboflavin 
deficient rat is not associated with any great decrease in food intake. 
A^'oris, Black, Swift and French (’42), using moderately deficient 
animals, have made similai" observations. 

In the paired-feeding studies of the above-mentioned authors, animals 
receiving an adequate diet were limited in their food intakes to the 
amounts eaten by animals fed the deficient diet. Here the efficiency of 
food utilization was measured by a compari.son of the growth of the 
two groups of animals. It is also possible to obtain information regard- 
ing food utilization by means of ad libitum feeding if groups of animals 
ai'e given gn-aded, suboptimal levels of the vitamin in question and the 
amount of growth per calorie of food consumed eom|)uled for each 
grouy). During the course of the experiments described in the preceding 
paper (Mannering, Orsini and Elvehjom, ’44) w’e were able to study 
Ihe effect of riboflavin on food utilization using this latter procedure. 

The composition of the rihoflavin-low rations has already been given 
(Afannering et ah, ’44). Three- week-old male albino rats weighing- .35 
to 40 gm. were partially depleted of their riboflavin i-eserves for 2 
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weeks on ration K-24 before being- divided into four groups of twelve 
animals receiving rations K-24, K-25, K-26, and K-27 and varying 
amounts of riboflavin (0, 3, 6, 9, and 12 gg. per day) . These rations differ 
only ill the percentage or type of fat present and are calorically equiva- 
lent. Food consumption records were kept throughout the 7-week supple- 
mentation period. In figure 1 both tlie average grams gained per day 
and the average grains gained per 100 Cal. fed have been plotted against 
the numbei' of micrograms of rilioflavin fed per day. To conserve space 
the data for all rats receiving a given level of riboflavin were averaged 
together regardless of the type of ration fed. This was justifiable since 
equal numbers of rats were employed at the various riboflavin levels 
for each of the rations. The curves shown are qualitatively similar to 
those obtained when the four groups are considered separately. 

It is seen that as the daily administration of riboflavin is increased, 
less food is necessary for a given increment of growth. The curve 
representing growth is linear within tlie limits of 0 and 12 gg. of ribo- 
flavin per day and would be expected to level off if greater amounts 
of the vitamin were fed. The configurations of the curves indicate that 
food utilization approaches a maximum at a lower level of riboflavin 
intake than does growth. When the average grams gained per 100 Cal. 
fed was plotted against the logarithm of the number of micrograms of 
riboflavin fed per day, a straight line was obtained (fig. 1). 

The marked effect of riboflavin in supporting the utilization of food 
for growth cannot be accounted for by a lack of absorption. The feces 
of alt rats receiving rations K-24 and K-27 were collected during the 
third and fourth weeks following the depletion period, dried, and 
weighed. The total digestibility of tliese rations was excellent. The 
average grams of feces obtained per 100 gm. of ration K-24 fed was 
3.1 (1.2-4.8) and of ration K-27, 5.2 (4.0-G.4). Variations bore no 
relation to the riboflavin intake. 

A second experiment was devised for the purpose of studying the 
effect of riboflavin on the efficiency of food utilization for maintenance. 
A method of “paired-weighing” was employed whereby an animal 
receiving a complete diet Avas restricted in food intake so that its Aveight 
remained equal to that of an ad libitum-f ed rat receiving a diet deficient 
in riboflavin. A comparison of the efficiency of food utilization Avas 
then based on the amount of food necessary to maintain each of the 
animals at the same weight. So little groAAdh occurs in a rat completely 
deprived of riboflavin that food is used almost entirely for maintenance. 

Six male albino rats weighing between 65 and 75 gm. were fed 100 pg. 
of riboflavin per day and just enough of ration K-31 to keep their 
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weights equal to the weig’hts of six similar rats fed the same ration 
ad libitum but receiving no riboflavin. By means of daily weighings 
and careful allocation of food it was possible to keep pairs of starved 
and deficient rats within 3 gm. of each other. During the eleventh week 
three of the deficient animals died while the remaining three collapsed 
during the fifteenth, sixteenth and seventeenth weeks. All of the starved 
animals remained in apparent good condition throughout tbe experiment 


LOG. MICROGRAMS 
RIBOFLAVIN PER DAY 



PER DAY 

Fig. 1 Curves sliowing effect of progressively higher levels of libotiaviu ou growth aud food 
utilization of rats during a 7*week period folloiving 2 weeks of depletion on a riboff'aviii-low diet. 
Each point represents twelve rats. 


despite extreme emaciation. In figure 2 are shown the growth curves 
and weekly food intakes of both deficient and starved rats for the first 
10 weeks of the experiment. 

After the first week the starved animals required progressively less 
food to maintain their weights equal to those of the riboflavin deficient 
rats until by the tenth week the latter were consuming an average of 
1.8 (1.2-2.8) times more of the ration than the former. During the 
entire experimental period of 17 weeks the avitaminotic rats ingested 
an average of 1.5 (1.3-1.7) times as much food as the starved controls. 
The food utilization during the fifth through the eighth weeks is more 
strictly representative of food utilization for maintenance than during 
any other period of the experiment because tbe animals were neither 




160 


G. J. MANNERING AND C. A. ELVEHJEM 


gaining nor losing weight at this time. Throughout this growth plateau 
period the rats that were deprived of riboflavin consumed an average 
of 1.6 (1.3-1.9) times the amount of food eaten by their control mates. 



Fig. 2l Curves showing growth and food consumption of ribodavin deficient rats and of rats 
receiving a limited intake of an adequate diet. Each curve represents six rats. 

Figure 3 shows the %veekly food 'consumption per 100 gm. of rat of 
both starved and deficient animals. During the first 4 weeks of the 
experiment the rats deprived of riboflavin consumed progi-essively 
less food per 100 gm. of weight and then progressively more as the 
deficiency became more severe. The period of increased efficiency of 
food utilization occurred while the animals were slowly growing, while 
the later decrease in efiieiency corresponded to the period when the rats 
were losing weight. The starved animals became continuously more 
efficient in their utilization of food as the period of restricted food 
intake was prolonged. 

Rats that are limited in food intake but supplied with sufficient 
riboflavin were observed to be much more active than deficient rats. 
Unless the energy output of the animal is known, it is, of course, im- 
possible to obtain absolute values for the influence of riboflavin on 
food, utilization for maintenance. Because the starved animals were 
appai'ently more active than the vitamin deficient rats, the effect of 
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ril)oflavin in promoting the utilization of food is probably even greater 
than has been indicated. 

It has been previously mentioned that certain workers have been 
unable to find any appreciable inanition in riboflavin deficiency. The 
following study indicates that moderate inanition does occur in most 
animals suffering from a lack of luboflavin. 



Pig*. e3 Curves showing the grams of food eonsiuned per 100 gm. of rat per week of starved 
and of riboflavin defunent rats. Each curve represents six rats. 

Male albino rats weighing about 65 gm. were divided into two groups, 
one of which received ration K-30, and the other, ration K-31. No ribo- 
flavin was fed during the 19-week experimental period. The series wms 
repeated, but as a separate consideration of either the two series or 
of the animals receiving the different rations did not add to the inform- 
ation gained, the results have been combined. A total of thii'ty-seven 
rats were employed in this experiment. By the end of the fifth week of 
depletion the rats w'ere consuming an average of 20% less calories than 
they were during the first wmek of the experiment. On a calculated basis 
of Cal. eaten per 100 gm. of rat, an average decrease of 35% was ob- 
served during the fifth week. The selection of the fifth week for pur- 
poses of comparison was arbitrary and does not necessarily represent 
the period of lowest food intake. During the nineteenth week, eleven 
surviving animals were consuming an average of 27% less calories 
than they were during the fii*st week, an average decrease of 31%, per 
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100 giu. of rat. Considerable variation was noted in tlie degree of 
anorexia, some rats even showing an increased appetite. An example 
of this variation is evident in figure 2, where, by coincidence, the six 
rats used in the experiment represented by the graph did not show 
appreciable inanition. 

It was often observed that rats markedly increased their food intake 
for a period of a few days prior to dying of the deficiency. This has 
also been reported by Sure ,(’41). The increase in food eonsiimption 
during the last 7 days before death over that of the preceding 7 days 
was calculated and found to average 11%. The average, however, does 
not well represent those aidmals which showed increa.ses just previous 
to dying in that several of the rats actually decreased their food 
intake. Increases as high as 62% were observed. 

DISCUSSION 

The presented data clearly demonstrate that riboflavin has a profound 
effect on food utilization both for growdh and for maintenance. It has 
been further showni that a lack of riboflavin is not associated with 
severe anorexia, the animals consuming considerable quantities of food 
even in the later stages of the deficiency. The question arises as to the 
fate of the ingested food, a large proportion of which, although ab- 
sorbed, cannot be accounted for as being utilized for growth or for 
inaintenance. The mo.st logical explanation for the poor food economy 
in riboflavin deficiency is that the intermediate products of metabolism 
are probably wasted through incomplete combustion. The role of ribo- 
flavin in the function of enzyme systems controlling cellular respiration 
has been w'ell established (Blvehjem and Wilson, ’40; Potter, ’40; and 
Green, ’41). This view also gains support from the observation of 
Orsini, Waisraan, and Elvehjem (’42) that the respiratory quotient of 
the riboflavin deficient rat is abnormally high. 

SUMMABT 

Biboflavin plays an important role in the economy of food utilization 
both for growdh and for maintenance. 

Moderate inanition occurs in riboflavin deficiency but is not respon- 
sible for the death of the deficient rat since a relatively high level of 
food consumption is maintained throughout the entire period of 
avitaminosi.s. The food intake often increases during the last few days 
preceding death. 
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The literature on the nutritional requirements of swine is too 
voluniinous for a detailed review but it has been shown that these 
animals require vitamins A (Hughes, Aubel, and Lieuhardt, ’28) and 
D (Johnson and Palmer, ’41), thiamine (Wintrobe, Mitchell, and 
Kolb, ’38), riboflavin (Hughes, ’40), pyridoxiue (Hughes and Squibb, 
’42), pantothenic acid (Hughes and Ittner, ’42), and nicotinic acid 
(Chick, Macrae, Martin and Martin, ’38 a). Hughes and collaborators 
(’42) reported normal growth in swine that did not receive choline 
and according to Wintrobe and coworkers (’42) it is xmcertain that 
swine require this substance. 

The first use of simplified diets for studies on the nutritional re- 
quirements of swine, was published by Chick, Macrae, Martin, and 
Martin (’38 b). Vitamins A and D were supplied in cod liver oil. 
Thiamine, riboflavin, and nicotinic acid were supplied as crystalline 
compounds. The pigs wore 12 weeks of age when the experimental 
period began and they weighed from 51 to 70 lb. Gains in weight were 
normal for a short time but ceased abruptly after 3 or 4 weeks. If 4% 
of dried yeast was incorporated in the diet growth was continuous. 

Wintrobe ( ’39) also was successful in rearing pigs on synthetic diets, 
though the water-soluble vitamins were supplied in dried yeast. It is 
noteworthy that he started the pigs at an earlier age than did the in- 
vestigators previously mentioned. The pigs were from 2 to 23 days 
of age in the beginning, and they were retained until they were ap- 
proximately 8 months old. During the first 3 months they gained 
in weight very slowly, but following that time they began to grow nor- 
mally. Wintrobe, Miller, Follis, Stein, Mushatt, and Humphreys (’42) 
repeated tins observation, with minor changes in procedure. The yeast 
feeding was discontinued when the pigs were approximately 12 to 15 
weeks of age, and synthetic vitamins were included in the diet. These 

^ Oontribtition from the Missouri Agricultural Experiment Station, Journal Series no. 955. 
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included thiamine, riboflavin, pyridoxine, pantothenic acid, nicotinic 
acid, and choline. The pigs grew fairly well for about 6 months, though 
far under the normal rate. One would conclude that the diet w'as not 
entirely adequate. 

Hughes and coworkers (’42) used a basal diet composed of casein 
15, sucrose 81, and salts 4, but their animals grew normally although they 
received no crude vitamin carriers. Vitamins A and D were supplied 
in cod liver oil. The water soluble vitamins included were thiamine, 
riboflavin, pyridoxine, pantothenic acid, and nicotinic acid. It should 
be noted, however, that the animals weighed about 30 lb. when the 
feeding test began and presumably this was shortly after they had 
been weaned. 

EXPERIMENTAL 

The mortality had been excessively high during preliminary trials, 
in which the new-born pigs were removed from the sows at birth, 
and it was assumed that the failure to receive colostrum was at least 
partly responsible for the deaths. The pigs were therefore allowed to 

TABLE 1 


Illustmiive hosal ration — ration $08 — used for feeding experiments with pigs. 


INGEBDIENT 


VITAMIK 1 

SUPPUBMENTS 


% 


vig./lpo gm. diet 

Acid washed casein 

30 

Thiamine 

0.8 

Sucrose 

30 

Bibollavin 

1.6 

Corn starch 

5 

Pyridoxine 

1.2 

Lard 

30 

Ca-pantothenate 

2.0 

Salt mixture ^ 

5 

Pex'coinorph oil 

Nieotinie acid 

Alpha tocopherol 

XCr 

Olioline 

50.0 (3000 1. IT. 
vitamin A, 850 

I- IT. vitamin D) 
2-4 

4 

2 

200-300 


^ Generously supplied by Merck and Co., Rabway, New Jersey. 

“99.2% of the salt mixture 351 of Hubhell, Wakeinan and Meiidal (^37), 0.75% mangan- 
ous sulfate, 0,05% of zine sulfate. 


nurse their dams for the first 2 days after birth and were then given 
the experimental diets. These were all of the simplified type. The 
diet supplied to most of the pigs contained the four fat-soluble vita- 
mins and six members of the vitamin B complex. A typical example is 
described in table 1. 

Diet 308 was modified at various times but apparently one diet was 
as useful as another. The salt mixture of Hubhell, Wakeman, and 
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Mendel is low in pliosplionis, but the addition of more pliospliorns 
did not improve the diet. Some attention to detail is necessary to 
convert the diet into a liquid that is suitable for very young animals. 
The casein was added to warm water, with enough sodium hydroxide 
(0.75 gm. of the alkali per 30 gm. casein) to dissolve it. The lard 
was melted and incorporated into the casein solution with a ineelian- 
ical stirrer. The starch was dissolved in boiling water and it, along 
with the salt mixture, was added to the protein-fat emulsion. The su- 
crose and vitamins were added last, with enough, water to lower the 
dry matter content to 19%. The entire mixture wms then strained, and 
run through a homogenizer under a pressure of 2500 lb. The pigs 
were hand-fed, eight times daily, from a bottle equipped with a rubber 
nipple. The diet rvas warmed to about 40° C. at each feeding. The 
pigs were quartered in small pens, on wooden floors, with shavings 
for bedding. It is essential to keep young pigs warm; therefore the 
temperature of the room was kept at approximately 75°F. A few 
pigs were retained past the age when they would normally be weaned, 
and when they weighed 25-30 lb. they were given their rations in dry 
form. Undoubtedly the transfer could be effected much sooner. For 
convenience the results will be presented in two sections. 

Adequacy of diets which contain no wafer-soluhle vitamins 
except the synthetic compounds 

The mortality rate was rather high during the first few days the 
pigs received the experimental diets. In all probability many of the 
deaths were due to the fact that the diet is partially inadequate, but 
in most cases the early deaths ivere precipitated by failure of the pigs 
to consume the diet. Animals wflll not consume normal amounts of 
a deficient diet after the deficiency becomes effective. When it first 
became apparent that diet 308 is inadequate the four water-soluble 
vitamins it does not contain were added, singly or in combination. 
The more significant data are summarized in table 2. The essential 
details are brought out more clearly in figure 1. 

The animals shown in table 2 are grouped according to the number 
of vitamins in the diet, and according to the dates when they were 
under observation. However, a considerable number of the animals in 
group Ha were started without adding one at the same time to group 
lib. There w^ere thirty-four animals in all and fifteen of them died, 
though a few of the deaths occurred after the close of the experimen- 
tal period. Most of the others made slow gains in weight until they 
were 4 or 5 weeks old. 
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Of tile pigs ill group la, all under observation at the same time, one 
made practically no gain in weight and died. Another made moderate 
gains in weight and was normal in appearance, but was dropped from 
the experiment after 25 days to conserve food. The third pig gained 
at somewhat less than the normal rate for 18 wmeks when the experi- 
mental feeding was discontinued. The hair and skin were noticeably 
coarse and rough but there were no other signs of malnutrition and 
no reason to suppose the pig would not attain a more or less normal 
maturity. Despite the good record made by this pig it is certain that 
rations such as no. 308 are partially inadequate during the first few 
days or weeks of a pig’s life. The higher degree of success attained 

TABLE 2 


Diets which contain ?io ivater-sohihle vitamins except synthetio compounds o-iv {madeqimte* 


GROUP 

ADDITIONS TO 

RATION 308 

NO, OP 
PIGS 

IflXPERI- 

MRNTAL 

PERIOD 

INITIAL 

WEIGHT 

AVERAGE 

DAILY GAIN 




dayis 

lb. 

lb. 



1 

128 

3.7 

0.56 

a 

none 

1 

25 

3,1 

0.30 Bomai 



1 

19 

3.0 

0.04 

I 






h 

p-amiiio- 

1 

26 

3.0 

0.35 


benzoic acid 

4 

12-26 

3.0 

0.19 

a 

none 

1 

89 

4.0 

0.18 



20 

10-58 

3.0 

0.07 

II 






b 

ascorbic acid, 
biotin, in- 
ositol, p-amino- 
beiizoio ackl 

• 5 

3-11 

2.7 

0.09 


by Hughes (’40) is probably due to the fact that he began with pigs 
which wnre much older and which had intestinal flora of a different 
type, and the intestinal bacteria were able to synthesize the unrecog- 
nized vitamins required by swdne. 

A preliminary trial had given some indication that p-aminobenzoie 
acid would improve ration 308, and for that reason it was investigated 
more intensively. Subsequent studies indicated that the ration was 
not improved by including this compound (Ib). Later on the other 
available vitamins, or substances reported to be vitamins, were in- 
cluded. The amounts added in mg', per 100 gm. of diet were, I'espec- 
tively, ascorbic acid 30, inositol 30, p-aininobenzoic acid 30, and biotin 
0.03. 
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Five pigs received ration 308 pins these four substances, bht; there 
was no evidence that tlie added vitamins improved the diet in any 
respect. Other pigs, which will not be described, received one, two, 
or three of these vitamins, in addition to ration 308, bnt as would be 
expected the results were no better than when all four were supplied 
together. It was concluded that the pig either does not require any of 
these four vitamins, or else an unrecognized vitamin was the first 
limiting factor. 



Fig. 1 As a niie pigs grow slowly or fail on ration 80S, iinlieatod un uiil:>rokeii line. 
Pig 79 is an except ion. Pigs grow norma ily if diet 80S is fortitiod with liver or yeast 
extracts (]dgs 210, and 11). A short trial indicated that the active agent of liver extract 
can be adsvu-bed on fuller’s earth and eluted (pig 17), Eat ion 80S is not improved by the 
addition of ascorbic acid, inositol, or p-aiuinobonzoic acid (pigs 2, 70, 78). 


As was mentioned before it has been shown that vitamins A and D, 
and thiamine, riboflavin, pyridoxine, pantothenic acid, and nicotinic 
acid are required by swine. Decisive data on the requirement of this 
animal for choline and vitamins E and K are not available, and an. at- 
tempt Avas made to determine whether these vitamins are required by 
the pig. The experimental diet was the same as ration 308 except it did 
not contain these three vitamins. Since the results were negative the 
data will not be reported in detail. It is sufficient to say that the pigs 
made very slight gains in weight bnt tJiey gained as rapidly as did 
the controls, and there were no specific symptoms of any deficiency. 
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The data do not indicate that the pig requires any of these three vita- 
mins. This interpretation is well supported since satisfactory ra- 
tions which contain no vitamin E, vitamin K, or choline were described 
bv Hughes and Ittner (’42). Wintrobe and coworkei’s (’42) reared 
normal pigs on rations which presumably contained neither vitamin E 
nor vitamin K. 

The characteristic symptoms of pigs fed the basal diet, ration 308, 
are as follows. All pigs developed rather severe diarrhoea wdthin 24 
hours after they were placed on experiment, and some of them never 
recovered from this disorder. However, after about a week, most of 
the surviving animals did recover and a few grew fairly well for as 
long as 2 to 5 weeks. Following this time their feed consumption was 
irregular, the diarrhoea returned, they became rough and unthrifty, 
and the rate of growth declined. Some of the pigs developed a sticky, 
dirty exudate around the eyes and mouth and on the inside of their 
legs. If the diet was not changed the symptoms became more and 
more severe, and the pigs eventually died. Post mortem examination 
failed to disclose any characteristic abnormalities. The liver and kid- 
neys of all the pigs fed ration 308 appeared to be normal. Pneumonia 
was the immediate ca\ise of death in a few of the pigs that died within 
the first 3 or 4 weeks after they wei'e placed on experiment. Perito- 
nitis was the immediate cause of death of some of the pigs which sur- 
vived for 1 or 2 months. Necrotic and inflamed areas were found in 
the intestinal tract of a few animals. 

Adequacy of diets ivJdch contain crude vitamin carriers as 
sov4'ces of the mirecogn-ised vitamins required hy sivine 

After some of the pigs on ration 308, or one of its modifications, 
had begun to decline and it seemed certain that these animals require 
a factor or factors in addition to the vitamins now recognized, a va- 
riety of crude vitamin carriers was added to the diet. This was done 
to show that the failures were not due to disease and that the pigs 
would grow if the ration was adequate. Furthermore it would be 
helpful in future work to have data concerning crude vitamin carriers 
that are good sources of the missing factor or factors. The eft’ective- 
ness of these crude preparations was usually tested by the curative 
method, but in a few eases they Were supplied from the beginning. 
Extracts of yeast and liver were used most extensively, and they are 
described below. 

A, An aqueous extract of brewer’s yeast concentrated to contain 
50% dry matter and centrifuged to remove suspended solids. 
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B. An aqueous extract of beef liver concentrated to a low volume 
and treated with an equal volume of 95% ethanol. The filtrate 
was concentrated to a syrup (O’Dell and Hogan, ’43). 

C. An aqueous extract of fresh pork liver concentrated to yield 
a dry matter content of 30-50%. 

D. An alcoholic extract of beef liver, similar to fraction 4303 of 
Hogan, Eiehai’dson, Patrick, and Kempster ( ’41). 

E. An aqueous extract of beef liver, similar to fraction 4080 of 
Hogan, Eichardson, Patrick, and Kempster (’41). 

P. An aqueous extract of beef liver adsorbed with fuller’s eaidh at 
pH 1, and the adsorbate eluted with 0.2 N ammonium hydroxide. This 
preparation is the fuller’s earth eluate of Eichardson, Hogan, and 
Karraseh (’42). 

Whenever an extract was included in a ration it replaced sucrose. 
All replacements and calculations are based on dry wmight. The data 
obtained with these extracts are shown in table 3. Each record is for 
an individual animal. 

It will be observed in table 3 that the yeast extract. A, was moder- 
ately effective in increasing the growth rate of pigs wdiieh had devel- 
oped symptoms of malnutrition while eonsum.ing ration 308 or some 
ineffective modification. The response of the pigs which received liver 
extracts gave the impression that these preparations w^ere more potent 
than was the yeast extract. However, when pigs consumed either one 
the diarrhoea disappeared, the food intake and rate of growdh in- 
creased, and there was marked improvement in appearance. The ac- 
tivity of fraction P, the eluate of a fuller’s earth adsorbate of liver 
extract, is wmrthy of special mention. Since the supply was limited it 
w'as supplied for 9 days only, but after it was included in the diet 
the rate of gain immediately increased. The change in the appearance 
of the pig was far more striking than the change in w^eight. It was 
a sick animal before the change was made but 9 days later the pig was 
apparently normal. Two weeks after the feeding of the eluate was 
discontinued, how’^ever, it had a poor appetite, had developed severe 
diarrhoea, and w’as becoming emaciated. It recovered again, and began 
to grow normally on being transferred to a diet of milk. Three pigs 
received the combination of extracts D and E from the time tliey 
were 2 days old. They grew as well, and w-ere as normal in appearance 
as were the control pigs which received fortified cow’s milk. The 
results with liver extracts provide additional evidence that young pigs 
require an unidentified nutritional factor. Some additional details, 
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and a normal growtb curve (Ittner and Hughes, 38), are shown in 
figure 1. ; 

It seems worthy of mention that cow’s milk, at least some samples, 
is slightly deficient for the pig during the first few weeks of life. 
The symptoms noted were weakness in the hind legs, an exudate 
around the eyes, a rash on the flanks, and a rough hair coat. How- 
ever, the pigs regained a normal appearance by the time they were 8 
weeks old, and were as heavy as their litter mates that had been 
nursed by their mothers. 

TABLE 3 


Eximcts of yeast aikcl liver as sotvrces of unreeog}med vitamins required hy the pig. 


rXTKACT AMOtJNT 

TN 

Type diet 

EXPERI- 

MEN’TAlt 

PERIOD 

INITIAE 

DAiny OAIN 
BErORE 

AFTER extract 
WAS SUFPEIED 

Before After 

Agre 

Weight 


% 

dnifif 

dtiUf! 

Ih, 

Ih. 

IK 


1 5 

20 

31 

4.9 

0.06 

0.32 

A : brewers’ yeast, aqiieons | 

' 5 

30 

54 

8.7 

0.12 

0.26 

B: beef liver, aqueous treated with 95% 







ethanol j filtered j filtrate used 

. 5 

21 

106 

37.9 

0.15 

0.02 

C: pork liver, aqueous; eone. to give SO- i 

i 5 

20 

61 

10.3’ 

0.11 

0.32 

50% dry matter i 

t .'j 

20 

40 

7.7 

0.12 

0.44 

D : beef liver, alcoholic extract similar 







to fraction 4303 (Hogan et ah, ^41) . . . 

. 5 

35 

21 

4.3 

0.06 

0,24 

D; 

p.o 

54 

2 

3.2 


0.53 

E: beef liver, aqueous extract similar 


30 

2 

2.7 


0.31 

to fraction 4080 (Hogan 







ot ah, ’41) 


30 

2 

2.5 


0.32 

Pt beef liver, aqueous, fuller’s earth 







adsorbate eluted with 0.2 N am- 







monium hydroxide; same as ful- 







ler’s earth eluate of Bichardson 







et ah, ’42 

. 1 

9 

33 

6.0 

0.15 

0.30 

Entire diet fortified^ cow’s milk * 

1 

51 

5 

2.3 


0.56 


I 

01 

5 

2.5 


0.47 


One liter whole milk -f 50 gm. whole milk powder, + 50 mg. iron + 4 mg. copper 4- 5 
mg. manganese + 1.5 mg. iudino. 


DISCUSSION 

The nntritioiial requirements of swine are of great practical im~ 
portance, but our chief interest at present is in comparing these re- 
cjuirements with those of other species. In this respect animals may 
for the present be divided into two groups. (1) The mouse, rat, and 
hamster grow normally on diets wliich contain no water-soluble vit- 
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aniins except those now recognized. (2) The gninea pig, rabbit, diick, 
and pig do not grow normally inileBs their diets include one or more 
unrecognized vitamins. In the absence of precise information, it is 
safer to assume, when estimating the adequacy of a diet, that man be- 
longs in this second group. There are excellent reasons for believ- 
ing that these animals do not all require the same unrecognized vita- 
mins, but it is of practical interest that some of the more effective 
vitamin carriers contain all unrecognized vitamins of which we have 
any knowledge. For example they are all present in a water extract of 
fresh liver. 

SUMMARY 

1. Pigs seldom grow normally, and few survive, if they are trans- 
ferred at 2 days of age to simplified diets that contain no water-soluble 
vitamins except those now recognized. Occasionally, however, a pig 
will grow fairly well on such a diet. 

2. No evidence was obtained that the pig requires vitamin B, vit- 
amin K, choline, biotin, inositol, or p-aminobenzoic acid, but it may 
be impossible to reach a final decision in this matter until all essential 
unrecognized vitamins are available and have been tested. 

3. Water extracts of liver or yeast contain all unrecognized vita- 
mins required by the pig. 
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Bauernfeind, Scliumaelier, Hodson, Norris and Heuser (’38) pre- 
sented evidence of a new eliick growtia factor wliieli tliey found not to 
be identical with an\' of the known vitamins. Schumacher, Tlexiser and 
Norris (’40) showed that the new growth factor of Bauernfeind and 
associates (’38) was a complex consisting of at least two components 
which they designated factor E and factor S. Record and Bethke ( ’42) 
presented evidence indicating that one of the factors of Schumacher 
and associates ( ’40) might be choline. 

In further studies on factors R and S of Schumacher, TIeuser and 
Norris (’40), evidence has been obtained which confirms the-existence 
of these factors and show^s that neither one of them is identical wfith 
choline, folic acid or vitamin B,.. If folic acid, the liaeiobacillus casei 
factor, and vitamin B,. are the same substance, as the recent results of 
Pfiffner and associates ( ’43), Stockstad ( ’43) and Mitcdiell and Williams 
(’44) indicate, a second chick nntianemic factor, distinct from factors 
R and S, has been revealed. The results of these studios are presented 
in this report. 

EXPBRIMBjSTTAIi 

Preparation of factor R and 8 concentrates 

Strain S dried brewers’ yeast ® was used in the preparation of con- 
centrates of factors E and S. Three methods of extracting yeast were 
employed. (1) Water extracts were ijrepared by heating a uniform 
suspension of 5 kilograms of yeast in 25 liters of w’ater at 80-85° C. for 
1 hour with constant stirring. The insoluble residue "was removed by 
filtration and reextracted under the same conditions. (2) Acid extracts 
of yeast were prepared by the saiiie procedure using 0.12 N HCl. The 
acid extraction mixture was adjusted to pH 6.5 with 40% NaOH before 
each filtration, (3) Digestion extracts w^ere prepared bj' treatment of 

^ Present address, Eesearcb Laboratories, Western Condensing Company, Appleton, Wisconsin. 

^ Anbenser-Buscli, St. Louis, Missouri. 
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yeast with takadiastase.® One kilogram of yeast was suspended in 10 
liters of water, 10 gm. of takadiastase were added and the pH wms ad- 
justed to 4.5 with acetic acid. The mixture was incubated for 24 hours 
at 37° C. under benzene, broug'ht to pH 6.5 with NaOH, steamed for 30 
minutes, cooled and filtered. The insoluble residue was washed by re- 
suspension in 10 liters of water and filtered. 

The combined filtrates from each extraction of yeast were concen- 
trated under reduced pressure (40-50 mm. Hg). The syrup was brought 
to pH 1.6 by addition of concentrated HCl and the volume was adjusted 
so that 1 ml. was equivalent to 2 gm. of original yeast. To the acidified 
concentrate 10 volumes of 95% ethanol were added slowly with constant 
stirring. Stirring was continued for 30 minutes and the mixture was 
allowed to stand overnight. The precipitate containing factor S (frac- 
tion 1), which formed in the acid-alcohol mixture, wms removed by filtra- 
tion. The acid-alcohol filtrate was brought to pH 7.0 by addition of 40% 
NaOH with constant stirring. The neutral alcohol mixture was allowed 
to stand overnight and the precipitate containing factor E (fraction 2) 
which formed was removed by filtration. The neutral alcohol filtrate 
(fraction 3) containing folic acid but free of factor R and factor S as 
determined by growth studies, was concentrated under reduced pressure 
to a small volume in preparation for feeding. 

Experiments with simplified diet 543 

A modification of diet 540 of Schumacher, Heuser and Norris (’40) 
was used in these studies. The composition of this diet, designated 
simplified diet 543, is given in table 1. The average choline content of 
this diet was found to be 0.08%. With the added choline it contained 

0. 18% choline. The extra choline was made necessary by the discovery 
of Record and Bethke ( ’42) and by observations made at this labora- 
tory that diet 540 was deficient in this factor. The results of experi- 
ments conducted at this laboratory ■* showed that the addition of 0.2% 
choline to diet 543 was no more effective than 0.1% in promoting growth 
and preventing perosis in chicks. Hegsted, Mills, Elvehjem and Hart 
( ’41) have reported that the choline requirement of the chick is approxi- 
mately 0.1%. 

Three experiments were conducted to determine the growth activity 
of the fractions prepared from the different yeast extracts. Fractions 

1, 2 and 3 were each fed at levels equivalent to 5, 10 and 15% of yeast, 

Parke, Davis and Company^ Detroit, Mieliigan. 

'' Til published results. 
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and in all possible combinations at levels equivalent to 10% of yeast. 
All lots of each experiment contained fifteen White Leghorn chicks of 
mixed sex. The summarized results are presented in table 2. The mor- 
tality in these experiments was hot excessive and was somewhat lower 
with yeast and fraction 2. 


TABLE 1 

Composition of iasal diets. 


INORI'IDIKNT 

DIET 548 

DIET 058 


(jrn. 

firm. 

Degerminated yellow corn meal 

60.65 


Corn starch 


51.7 

Purified casein 

10.00 

27.5 

Peanut oil meal 

15.00 


Gelatin 


7,5 

Salt mixture 

5.00 ^ 

5.0 - 

Soybean oil 

3.00 

4.5 

Cellophane 


3.0 

Fish liver oil 

0.25" 

0.5" 

Choline chloride 

0.10 

0.2 

Inositol 


0.1 


mff. 

m‘j. 

p-Aniinoben 2 :oic acid 


10.0 

Nieotinie acid 


3.0 

Calcium d-pantothenate 

0.7 

1.G3 

2-Methyl"l, 4-naphthoqiunone 


1.0 

Riboiiavin 

0.5 

1.0 

a-Tocopherol 


1.0 

Pyridoxine hydrochloride 

0.5 

0.5 

Thiamin chloride 

0.3 

0.5 

Biotin 


0.01 


‘Described by Scbumacher and Ileuser (’40). 

‘Bone meal — 2270 gm., K.HPO., — 840 gm., pulverized limestone — TOO gm., NaCI — 600 
gm., MgSO • 7H,0 — 500 gm., Pej(SOP, - XH.O — 5.5 gm., MnSO, • 4H.,0 — 29 gm., KT — 
3.5 gm., CuSO. • 5H»0 — 1.5 gm., ZnCL, — 1.0 gm., CoCl. • 6HsO — 0.2 gm. 

‘ Phosphoric acid added to the extent of 0.2% of soybean oil a.s an antioxidant. 

‘Contained 400 A.O.A.C. units of vitamin D and 2000 XI.S.P. unite of vitamin A per gram. 


The significance of the differences in growth response between the 
various treatments and between the three experiments was ascertained 
by means of analysis of variance (vSnedeeor, ’34). No significant growth 
differences between the three experiments were found. This demon- 
strated that the methods of yeast extraction did not influence the distri- 
bution of growth activity in the various fractions, and that the data 
from the three experiments could be combined. 
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Tlie results showed that fraction 1 promoted a growth response 
sisfiiificantlf greater than that of the unsnpplemented control 
(odds >88:1), and that growth was not improved by increasing the 
amonnt fed. This growth-response plateau, significantly less than the 
response to yeast (odds>9.9: 1), demonstrated that fraction 1 contains 
a. growth factor (or factors) required by the chick, but is lacking in at 

TABLE 2 

Groivih promoiinrj effect of yeast fmctio7is when added to sim-pUfied diet 


Experhnents 1, 2 and 8. 


SnPPl..I3MENT 

AVERA(iE POLIO 
ACID APOED 

JJtJMBEE 

CHICKS 

4 WEEKS 

AVER AGE 
WEIGHT 

4 WEEKS ^ 


ligJlQQ gm. 


Om. 

None 

0.00 

40 

169 

Fraction lO 5% yeast 

1.68 

41 

202 

Fraction 1C=10% yeast 

3.36 

40 

208 

Fraction 1C=15% yeast 

SM 

39 

209 

Fraction 2c= 5% yeast 

4.28 

39 

232 

Fraction 2ol0% yeast 

8.56 

41 

248 ■ 

Fraction 2 015% yeast 

12.84 

45 

257 

Fraction 3 0 5% yeast 

3.97 

34 

166 

Fraction 3 0^0% yeast 

7.94 

38 

170 

Fraction 3 0 15% yeast 

11.91 

40 

170 

Fractions 1 -f 2 0 10% yeast 

11.93 

44 

263 

Fractions 2 +3 010% yeast 

17.17 

43 

265 

Fractions 1+3010% yeast 

11.97 

35 

199 

Fractions 1 +2 + 30 10% yeast 

20.5.3 

42 

362 

Teast * 

45.20 

45 

268 


* Diet contained 26.7 folie aeid per lOO 
^ Mean of male and female average weights. 

» Ten per eent yeast used in two experiments. Bight per cent equal in growth-promoting ed'ect 
to 10%, used in third experiment. 

least one additional growth factor. These results agreed with those ob- 
tained by Schumacher, Ileuser and Norris ( ’40) iising a similar aeid- 
aleohol precipitate fraction designated factor S. Therefore, fraction 1 
contains the factor S of those workers. ■ ‘ 

Fraction 2 promoted a growth response significantly greater than 
that of fraction 1 (odds>99: 1). As the amount of fraction 2 wms in- 
creased, the growth response gradually increased until it approximated 
that promoted by yeast. Since fraction 1 supported only a subraaximai 
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growtli-respouse plateau, fraction 2 contained at least two factors be- 
cause it was approximately equivalent to yeast in growth-promoting 
etfect. These results differed from those obtained by Schumacher, 
Heuser and Norris (’40) since they obtained a submaximal growth- 
response plateau by feeding graded amounts of a neutral-alcohol pre- 
cipitate prepared in a manner similar to fraction 2. This second factor 
they designated factor R. Therefore, fraction 2 contained factor R of 
Schumacher and associates (’40), but was contaminated vdth a small 
amount of factor S. Fraction 3, the alcohol-filtrate fraction, did not 
promote any significant growth response alone or in combination with 
any of the other fractions. In spite of the difference in growth, response 
with factor R preparations, these experiments confirm the work of 
Schumacher and associates ( ’40) showung that at least two unidentified 
growth factors, factors R and S, are required by the chick. 

In other work * with diet 543 factor R was freed of factor S by treat- 
ment of fraction 2 with .Darco 6-60. The adsorbed factor R, when 
graded levels were fed, was then found to give a submaximal growth- 
response plateau the same as in the work reported by Schumacher, 
Heuser and Norris (’40). Moreover, the filtrate remaining after treat- 
ment with charcoal was found to have a growth-promoting effect when 
fed at a level equivalent to 10% yeast but failed to supplement fraction 
1 when supplied at the same level. Later with a purified diet it was 
found that fraction 2 is sometimes free of factor S before treatment 
with activated charcoal. ' 

The folic acid content of the yeast fractions presented in table 2 was 
determined by the method of Mitchell and Snell (’41) using Strepto- 
coccus lactis R. The primary standard for the determinations was a 
partially purified folic acid preparation obtained from Dr. R. J. Wil- 
liams of the University of Texas. It was stated to he 7.7% as pure as 
the material reported by Mitchell and Snell (’41).. The standard for. 
routine assays was a sample of liver fraction “B”,"' which was stand- 
ardized against the folic acid concentrate. The samples were prepared 
for assay by a method similar to that of Cheldelin, Bppright, Snell and 
Guirard (’42). 

The folic acid assay procedure of Mitchell and Snell ( ’41) was con^ 
sidered to give accurate results only in assays in which the folic acid 
concentrate and liver fraction “B” produced superimposahle growth- 
response curves, and only when mixtures of these two materials pro- 
moted the same growth response as an equivalent amount of folic acid 

'‘Unpublished results. 

« The Wilson Laboratories, Chicago, Illinois. 
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from either one alone. The galvanometer readings falling outside the 
straight-line portion of the standard growth cux’ve were not used in 
establishing folic acid content. This procedure has been found recently 
at this laboratory ® to give results in agreement mth those obtained by 
the revised assay procedure reported by Luckey, Biiggs and Elvehjem 
(’44). 

The folic acid values presented in the tables of this paper are ex- 
pressed as mierograms of folic acid of a potency 40,000 times that of 
the liver fraction “B” used by the University of Texas workers. Un- 
der these conditions the liver fraction “B” contained 17.9 pg. of folic 
acid per gram. 

In this work the same type of growth-response curve was obtained 
with Streptococcus lactis, when pure crystalline Lactobacillus casei fac- 
tor prepared from liver by E. L. E. Stokstad ^ was used as a standard, 
as when Williams’ folic acid concentrate or when liver fraction “B” 
was used. No direct relation was found to exist between the folic acid 
content of the yeast fractions and their growth promoting activity for 
the chick. Fraction 3 which contained more folic acid than fraction 1 
promoted no growth-response alone or in combination with the other 
fractions. Therefore, neither factor R nor factor S is identical with 
folic acid, and the added folic acid, if required, is ineffective in promot- 
ing growth in the absence of both factor E and factor S. 

. However, the folic acid content of simplified diet 543 (26.7 ag. per 
100 gm.) was probably adequate to meet the requirements of the chick 
for this substance. Data obtained in other experiments ® conducted at 
this laboratory showed that two appropriately supplemented purified 
diets, containing 15.2 and 20.0 pg. of folic acid per 100 gm., supported 
maximum growth under the experimental conditions used. The growth- 
response in these experiments was not increased by the addition of more 
folic acid in the form of yeast to the diets. 

The report of Pfiffner and associates ( ’43) that pure preparations of 
the chick antianemia factor, vitamin Be, are active in stimulating the 
growth of Lactobacillus casei c and are probably identical mth folic 
acid, made it of interest to determine if chicks fed simplified diet 543 
develop anemia. The results showed that the average blood hemoglobin 
values (9.8 and 9.3 mg. per 100 ml.) of chicks fed the unsuppleinented 
diet were normal and approximately the same as those (9.3 and 9.6 mg. 
per 100 ml.) of chicks receiving this diet supplemented with yeast. They 

footnote 4, p. 17G. 

^ Lederie Laboratoriea, Pearl River, New York. 

‘‘vSee footnote 4, p. 176. 
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demonstrated tliat simplified diet 543 used in these studies was not 
lacking in any antianemie factor, and that neither factor R or S is 
identical witli vitamin unless more of it is required for maximum, 
growth than for the prevention of anemia. 


Experiments with purified diet 653 

In order to investigate the properties of factors E and S under more 
rigorous conditions, studies were conducted using purified diet 653. 
The composition of the diet is given in table 1. The inclusion of either 
cystine or calcium gluconate in the diet has been found not to improve 
chick growth at this laboratory.''’ Nutritional encephalonialacia, how- 
ever, was obtained when calcium gluconate was not used. Further 
difficulty of this character was prevented by adding 0.2% of ortho- 
phosphoric acid to the soybean oil in the diet. Whenever this diet was 
fed alone, growth failure, severe anemia and extreme mortality oc- 
curred. 

The yeast fi'aetions were prepared from water extracts of yeast in 
accordance with the procedure described previously. An adsorbate of 
fraction 2 (fraction 2-A) was fed in these experinient.s, as well as fi'ae- 
tion 1 and fraction 2. A quantity of fraction 2 equivalent to 1 kilogram 
of yeast was dissolved in 1 liter of water and digested at pH 4.6 with 
2 gm. of takadiastase for 24 hours at room temperature. The mixture 
was brought to pH 7.0 with NaOH and steamed 30 minutes in an auto- 
clave. Upon cooling a floeeulent white precipitate formed. This was 
removed by filtration, dissolved in wai'm 5% sulfuric acid and reprecipi- 
tated with excess anunonia.. The filtrate from this precipitation w'as 
combined with, the original filtrate and brought to f)H 3.0 witli .sulfuric 
acid. Five gm. of heat-activated Darco Ct-60 wore added to this mixture. 
It was then stirred for 30 minutes and filtered. 

In the first experiment fraction 2 was fed as a supplement to diet 653 
at levels equivalent to 5, 10 and 15% of yeast. Fraction 2-A was also 
fed at these levels. Each lot contained fifteen White Leghorn male 
chicks. The results are given in table 3, experiment 4. 

The results showed that growth-response plateaus were obtained 
with levels of fraction 2 and fraction 2-A equivalent to 10% yeast. In 
both instances the plateaus were significantly lower than the growth- 
response obtained with yeast. Therefore fraction 2 and fraction 2-A 
contained a factor (factor R) required for growth and lacked another 
factor required along wdth factor .R for maximum growth. 


See footnote 4, p. ]76. 
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TABLE 3 

Growth i^romoibuj effect of yeast fractions when added to purified diet ddSf 


SUPnnEMENT 

FOLIC 

ACID 

ADDED 

NUMBER 

CHICKS 

4 WEEKS 

AVERAGE 

WEIGHT 

4 WEEKS 

NUMBER 

CHICKS 

6 WEEKS 

AVERAGE 
WEIGHT 
i\ WEEKS 

BLOOD 

HEMO- 

GLOBIN 

5 'WEEKS 


IkQjlOQ nni. 





gm,/l(}0 7 mI. 


Experiment 4 





None 

0.0 

3 

92 

0 


4.3 (7)® 

Fraction 5% yeast 

5.0 

13 

173 

11 

245 

7.2 (11) 

Fraction 2C=ld% yeast 

10.0 

15 

248 

15 

440 

8.9 (15) 

Fraction 2015% yeast 

lo.O 

15 

243 

13 

434 

9.6 (13) 

Fraction 2- AO 5% yeast 

5.0 

13 

139 

7 

200 

5.4 (8) 

Fraction 2*A O 10% yeast 

10.0 

13 

241 

12 

424 

7.9 (12) 

Fraction 2-AOl5% yeast 

15.0 

14 

252 

14 

438 

9.2 (14) 

10% yeast 

48.4 

15 

312 

14 

548 

9.9 (15) 


Experiment 5 





None 

0.0 

7 

112 

1 

150 

3.0 (5) 

Fraction lO 5% yeast 

4.6 

9 

137 

4 

214 

5.5 (6) 

Fraction 1 O yeast 

9,2 

12 

174 

9 

245 

5.1 (11) 

Fraction 1 0 15% yeast 

13.8 

14 

199 

13 

261. 

0.5 (13) 

Fraction ■ 2 O 15% yeast 

15.0 

15 

206 

15 

379 

9.0 (15) 

Fraction 1 -j- fraction 







2 O 10% yeast 

19.2 

15 

244 

13 

491 

9.8 (13) 

Fraction 2--AOl5% yeast 

15.0 

14 

214 

14 

361 

6.8 (14) 

Fraction 2- A 4* fraction 







1 0 10% yeast 

19.2 

14 

255 

14 

493 

9.0 (14) 

Fraction 3 010% yeast ^ 

7.7 

4 

100 

0 


4.8 (2) 

10% yeast 

48.4 

15 

279 

14 

488 

9.3 (14) 


Experiment 6 ' 

p 




None 

0.0 * 

8 

111 

1 

130 

4.6 (3) 

Fraction 2-A.O10% yeast 

5.0 

10 

173 

9 

376 

9.5 (9) 

Fraction 3-AO10% yeast® 

6.5 

6 

108 

0 


4.7 (3) 


^ Piet 653 contained 8»9 folic acid per 100 gm, 

® Hemoglobin at 26 daya. Hignre in parentlieses indicates number of eliiebs, 

* Bareo adsorbate prepared from fraction 2. 

^Also contained fi’aetion l-E, fraction 1 freed of folic acid and the antianemic factor by 
treatment with Parco. 

®Baeh lot contained 10 White Leghorn male chicks at start. Chicks fed a modideation of diet 
653, containing glucose in place of corn starch, somewhat less casein and gelatin, and 0.5% 
cystine. The modided diet contained 7.8 pg, folic acid per 100 gm. 

® Parco adsorbate prepared from fraction 3. 
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A further study was conducted to determine the supplementary ac- 
tion of factor S present in fraction 1, and factor R present in fractions 
2 and 2-A when included in purified diet 653. Fraction 1 was fed at 
levels equivalent to 5, 10 and 15% of yeast. The same preparations of 
fractions 2 and 2-A, used in experiment 4, were fed at levels equivalent 
to 15% of yeast, in order to establish the maximum growth-responses 
of the chicks used in this experiment to these materials. Fractions 2 
and 2-A were also fed in combination with fraction 1 at levels equivalent 
to 10% of yeast. Each lot contained fifteen White Leghorn male chicks. 
The results are given in table 3, experiment 5. 

The results showed that fraction 1 produced a growth response which 
tended to give a plateau at a submaximal level as in previous work. 
Fractions 2 and 2-A promoted submaximal growth which, in view of 
the results of experiment 4, represented the maximum responses to 
these materials. The combination of fraction 1 with fraction 2 or 
fraction 2-A promoted maximum growth equal to that promoted by 
yeast. The plateau and supplementary effects obtained in this experi- 
ment and the preceding one showed that fraction 1 contains a factor 
(factor S) which is not identical with factor E present in fraction 2. 

The results of the experiments with purified diet 653 confirm the re- 
sults obtained with simplified diet 543 and demonstrate the existence of 
two unknown factors, designated factors R and S, which are required 
for chick growth. Neither one of these factors is choline, since purified 
diet 653 was adequately supplemented with choline. Also neither one 
is identical with folic acid since both fraction 1 and fraction 2 promoted 
submaximal growth-response plateaus upon feeding graded levels in 
spite of the presence in them of approximately the same quantities of 
folic acid. If one of the factors had been folic acid, a submaximal 
plateau would have been revealed in one instance only. 

In these experiments both fraction 1 and fraction 2 were found to 
possess antianemie properties. Fraction 1, however, was much less 
effective in preventing anemia than fraction 2 in spite of the fact that it 
contained almost as much folic acid as this fraction. The addition of 
13.8 [jg. of folic acid per 100 gm. of diet 653 by means of fraction 1 
maintained a hemoglobin level of only 6.5 gm. per 100 ml. of blood as 
compared to a level of 8.9 gm. per 100 ml. maintained by the addition 
of 10 Mg- of folic acid by means of fraction 2. Fraction 1, therefore, is 
deficient in an antianemie factor present in fraction 2, and this anti- 
anemic factor is not folic acid. The somewhat higher hemoglobin level 
maintained by fraction 1 as compared to the unsupplemented purified 
diet probably was due, in part at least, to contamination of factor S 
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TABLE 3 


SUPPI.EMBNT 


None 

Fraction 2C= 5% yeast 
Fraction 2010% yeast 
Fraction 2 013% yeast 

Fraction 2-AO 5% yeast 
Fraction 2-A 0 10% yeast 
Fraction 2.A 0 15% yeast 

30% yeast 
None 

Fraction lo 5% yeast 
Fraction 1010% yeast 
Fraction 1 o 15% yeast 

Fraction. 2 015% yeast 

Fraction 1 + fraction 
2 0 10% yeast 

Fraction 2-A 0 35% yeast 

Fraction 2-A + fraction 
10 30% yeast 

Fraction 3 0 30% yeast ‘ 

30% yeast 


None 

iVaetioii 2‘A: 
Fraction 3-A- 


-10% yeast 
:10% yeast® 


5 of yeast fracliom 

ioli€)i added to purified diet ( 

EOLIC 

ACID 

ADDED 

number 

CHICKS 
4 WEEKS 

average 

WEIGHT 

4 WEEKS 

number 

CHICKS 

6 WEE3CS 

AVERAGE 

WEIGHT 

6 WEEKS 

am. 

mu. 


am. 

Experiment 4 



0.0 

3 

92 

0 


5.0 

13 

173 

11 

245 

10.0 

15 

248 

15 

440 

35.0 

15 

243 

33 

434 

5.0 

13 

139 

7 

200 

10.0 

13 

241 

12 

424 

35.0 

14 

252 

14 

438 

48.4 

15 

312 

14 

548 

Experiment 5 




0.0 

7 

112 

1 

150 

4.6 

9 

137 

4 

214 

9.2 

12 

174 

9 

245 

13.8 

14 

199 

13 

261 

15.0 

15 

206 

15 

379 

19.2 

15 

244 

13 

491 

35.0 

14 

214 

34 

361 

30.2 

14 

255 

34 

493 

7.7 

4 

300 

0 


48.4 

15 

279 

14 

488 

Experiment 6 ® 




0.0 • 

8 

131 

1 

130 

5.0 

10 

173 

9 

276 

6.5 

6 

308 

0 



BLOOD 
HEMO- 
GLOBIN 
5 WEEKS 


fm./JOO ml, 

4.3 (7) = 

7.2 (11) 
8.0 (35) 
9.6 (13) 

5.4 (8) 

7.9 (12) 

9.2 (14) 

9.9 (15) 

3.5 (5) 

5.5 (6) 

5.1 (11) 

6.5 (13) 

9.0 (15) 

9.8 (IS) 

6.8 (14) 

9.0 (14) 

4.8 (2) 

9.2 (14) 

4.6 (3) 

9.5 (9) 

4.7 (2) 


j „ -s* J-oiic aeiQ per 100 em. 

;Dareo® Lorbate“prtiiared Siont'''' 

treatment with Darco!*'"*’'’" ^ ^ of folic aeid and the antianemie factor by 

653pottl?ni“^^^^^^^^ fed a rnodmeation of diet 
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A further study was conducted to determine tlie supplementary ac- 
tion of factor S present in fraction 1, and factor R present in fractions 
2 and 2-A when included in purified diet 653. Fraction 1 was fed at 
levels equivalent to 5, 10 and 15% of yeast. The same preparations of 
fractions 2 and 2-A, used in experiment 4, were fed at levels equivalent 
to 15% of yeast, in order to establish the maximum growth-responses 
of the chicks used in this experiment to these materials. Fractions 2 
and 2-A were also fed in combination with fraction 1 at levels equivalent 
to 10% of yeast. Each lot contained fifteen White Leghorn male chicks. 
The results are given in table 3, experiment 5. 

The results showed that fraction 1 produced a growth response 'which 
tended to give a plateau at a submaximal level as in previous work. 
Fractions 2 and 2-A promoted submaximal growth which, in view of 
the results of experiment 4, represented the maximum responses to 
these materials. The combination of fraction 1 with fraction .2 or 
fraction 2-A promoted maximum growth equal to that promoted by 
yeast. The plateau and supplementary effects obtained in this experi- 
ment and the preceding one showed that fraction 1 contains a factor 
(factor S) which is not identical with factor R present in fraction 2. 

The results of the experiments with purified diet 653 confirm the re- 
sults obtained with simplified diet 543 and demonstrate the existence of 
two unknown factors, designated factors E and S, which are required 
for chick growth. Neither one of these factors is choline, since purified 
diet 653 was adequately supplemented with choline. Also neither one 
is identical -with folic acid since both fraction 1 and fraction 2 promoted 
submaximal growth-response plateaus upon feeding graded levels in 
spite of the presence in them of approximately the same quantities of 
folic acid. If one of the factors had been folic acid, a submaximal 
plateau would have been revealed in one instance only. 

In these experiments both fraction 1 and fraction 2 were found to 
possess antianemic properties. Fraction 1, however, was much less 
effective in preventing anemia than fraction 2 in spite of the fact that it 
contained almost as mnch folic acid as this fraction. The addition of 
13.8 Mg. of folic acid per 100 gm. of diet 653 by means of fraction 1 
maintained a hemoglobin level of only 6.5 gm. per 100 ml. of blood as 
compared to a level of 8.9 gm. per 100 ml. maintained by the addition 
of 10 Mg- of folic acid by means of fraction 2. Fraction 1, therefore, is 
deficient in an antianemic factor present in fraction 2, and this anti- 
anemic factor is not folic acid. The somewhat higher hemoglobin level 
maintained by fraction 1 as compared to the unsupplemented purified 
diet probably was due, in part at least, to contamination of factor S 
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witlitliis aiitianeraie factor, since preliminary results showed that Darco 
treated fraction 1 alone possessed no antianemic properties. It was not 
entirely due to folic acid since in experiment 5 the addition of fraction 
3, which contains folic acid but no factor R or S, to the purified diet 
failed to increase the hemoglobin level. The same results were obtained 
in experiment 6 vdth fraction 3-A, the adsorbate of fraction 3. On the 
other hand, fraction 2-A, the adsorbate of fraction 2, which contained 
less folic acid in this experiment than fraction 3-A promoted normal 
hemoglobin formation. 

The fraction 2 and fi-action 2-A, used in experiments 4 and 5, were 
somewhat more effective in promoting growth than in preventing 
anemia. Both fractions at levels equivalent to 10% yeast promoted 
growth as great as that obtained at the 15% levels but the 15% levels 
of these fractions were better than the 10% levels in preventing anemia. 
Furthei'more, in both experiments the adsorbate of fraction 2 appeared 
somewhat less effective in promoting hemoglobin formation than frac- 
tion 2 but no evidence was obtained of an accompanying reduction in 
growth promoting effect. This decrease in antianemic effect was par- 
ticularly striking in experiment 5 where chicks of somewhat lower in- 
herent growth capacity were used. At times, however, these differences 
were not observed, as in experiment 6, when the yeast extract used in 
preparing the fraction was richer in the antianemic factor than that 
from which the fractions studied in experiments 4 and 5 were prepared. 
In spite of this the results of the experimental work wdth purified diet 
653 indicate that the antianemic factor is not identical with factor R, 
and that it is either somewhat less readily adsorbed by activated char- 
coal or less readily eluted by the chick than the growth factor. It is 
evident also that the antianemic factor is not identical with factor S. 

These conclusions are strengthened by comparing the results ob^ 
tained with purified diet 653 with those obtained with simplified diet 
543. The latter diet was found to be deficient in factors R and S but 
not in the antianemic factor or folic acid. Purified diet 653, on the 
other hand, was found to be lacking in factors R and S and the anti- 
anemic factor. It also may be deficient in folic acid. With simplified 
diet 543 both factor R and factor S were shown not to be identical with 
the antianemic factor unless more of these factors are required for 
maximum growth under the experimental conditions than for the pre- 
vention of anemia. This is impossible since the work with purified diet 
653 demonstrated that the antianemic factor accompanies factor R for 
the most part and that in some instances more of fraction 2 and frac- 
tion 2-A which contain factor R was required to prevent anemia under 
the experimental conditions than to promote maximum growth. 
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DISCUSSION 

According to tlie work of Mitchell, Snell and Williams (’41), Hutch- 
ings, Bohonos and Peterson (’41), Stokstad (’43), and Mitchell and 
Williams (’44), folic acid and the Lactobacillus casei factor appear to 
be identical. The work of Pbtfner and associates (’43) and Stokstad 
( ’43) provides evidence that the Lactobacillus casei factor and vita- 
min B,. are also identical. If those factors are the same, the antianemic 
factor encountered in the experiments reported in this paper is a new 
factor, dilfering from the substance variously designated folic acid, 
Lactobacillus casei factor and vitamin B,.. 

The work conducted with purified diet 653, however, does not pre- 
clude the possibility that folic §cid is a factor required by the chick 
both for growth and the prevention of anemia. When fraction 3 or 
fraction 3-A only were added to purified diet 653 the hemoglobin level 
was not increased. Growth failure and 100% mortality also occurred 
as was observed in several instances with the purified diet alone. How- 
ever, folic acid may function as an antianemic and growth factor only 
in the presence of the antianemic factor found chiefly in fraction 2. 
The existence of a second antianemic factor is suggested by the work 
of O’Dell and Hogan ( ’43). If this is true, the folic acid requirement of 
the chick for growth and the prevention of anemia appears to be less 
than 15 pg. per 100 gm. of diet. Briggs, Luckey, Elvehjem and Hart 
(’43) have reported maximum growth in chicks fed a purified diet 
containing 17.5 pg. of added folic acid per 100 gm. The folic acid con- 
tent of the purified diet was not given but, since it was similar to puri- 
fied diet 653, it probably contained approximately 8 pg. per 100 gm. 

The evidence that the chick requires a second antianemic factor in 
addition to folic acid, hoAvever, is difficult to reconcile with the work of 
Pfiffner and associates (’43) and Campbell, Brown and Emmett (’44). 
Under their experimental conditions, these workers obtained maximum 
growth in chicks and prevention of anemia by suiiplying from 100 to 
400 pg. of vitamin Be per 100 gm. of diet. The antianemic effect ob- 
tained by Campbell and associates (’44), however, was not as striking 
as that obtained by Pfiffner and associates (’43) and may have been 
subnormal. In contrast to these growth results, Almquist (’43) failed 
to obtain any significant growth increase by supplying 150 pg. of 
Lactobacillus casei factor per 100 gm. of diet by means of a concentrate, 
approximately 9% pure, prepared by Stokstad.^® 

In view of these results and in the light of the studies reported in 
this paper showing that the folic acid requirement of the chick is less 


^‘‘See footnote 7, p. 180. 
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than 15 pg-. per 100 gm. of diet, it is suggested that the antiaiiemie 
effect of crystalline %'itamin B, and also its growth promoting properties 
are caused either by contamination with extremely potent antianemic 
and growth factors or to synthesis of these factors by bacteria in the 
intestinal tract as a consequence of supplying large amounts of a neces- 
sary bacterial growth factor. O’Dell and Hogan (’43) showed that the 
incidence of anemia is increased by including sulfaguanidine in the 
purified diet fed the chicks. If either of these explanations proves to 
be correct, then the antianemic factor encountered in the studies de- 
scribed in this report is probably the vitamin originally discovered by 
Hogan and Parrott ( ’40) and designated vitamin 

In view of the ease of adsorption by activated charcoal and because 
of similarities in source and function, factor E may be identical with 
factor XT of Stokstad and Manning ( ’38) , Vitamin Bu of Briggs, Luckey, 
Elvehjem and Hart ( ’43) appears to be the same as factor E of Schu- 
macher, Heuser and Noriis ( ’40) but is associated with an antianemic 
factor. The other unidentified factor suggested by Briggs and associ- 
ates ( ’43) as a consequence of failure to obtain as good growth with a 
biotin concentrate as with kidney residue may be identical with factor 
S of Schumacher and associates (’40). 

No evidence of the existence or non-existence of a factor essential for 
feather development only was obtained in the experiments reported in 
this paper. Factor S, however, did not promote as good feather develop- 
ment as factor E. Since the results of Briggs, Luckey, Elvehjem and 
Hart (’43) indicate that there is a feather factor distinct from vitamin 
Bii, it may accompany factor E in fraction 2. 

SIJMMABT 

Evidence, obtained previously, of the existence of two unidentified 
chick growth factors, designated factor E and factor S, has been con- 
firmed. Factors E and S have been found not to be identical with folic 
acid, the Lactobacillus casei factor or vitamin Be. If the latter factors 
are the same substance, as recent work indicates, a new chick anti- 
anemic factor has been revealed which is distinct from factors E and S. 
This antianemic factor may be vitamin Be, however, in the event that 
crystalline preparations of it are contaminated with highly potent 
growth and antianemic factors or stimulate their bacterial synthesis in 
the intestinal tract. No evidence was obtained that folic acid is, or is 
not, required by the chick, since growth failure and very extreme mor- 
tality occurred in the absence of the antianemic factor and factor E or 
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the antianemic factor and factor S. If folic acid is required, the amount 
appears to be less than 15 Mg- per 100 gm. of diet. 
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PROTEIN INTAKE AND HEAT PRODUCTION ^ 
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MAEY T. DAVBNPOET 

Institute of Animal Nutrition; Pennsylvania State College, State College 
(Eeceived for publication May 8, 1944) 

During recent years the authors and their associates have conducted 
six experiments, five with growing and one with mature albino rats, 
for the purpose of determining the influence of the protein content of 
equicaloric diets on the heat production under conditions representing 
normal nutritive practice ; and in these experiments the heat production 
diminished, at moderate rates, in the increasing order of the intahe of ■ 
protein — which is not in harmony with the generally prevailing un- 
derstanding that the protein content of diets dominates the heat pro- 
duction by virtue of the high specific dynamic effect of this nutrient as 
fed alone. Five of these experiments have been published in four 
papers (Forbes, Swift, Black and Kahlenberg, ’35; Forbes, Voris, 
Bratzler and Wainio, ’38; Forbes, Black, Thacker and Swift, ’39, ’40), 
and the results of the sixth are presented herewith. In this general 
program 231 albino rats were used as subjects, with 10 to 12 animals on 
each dietary treatment, the program as a whole covering 16,170 24-hour 
“rat days” of controlled experhnentation. 

In this series of experiments the heat production was measured as 
single values for 70-day periods by subtracting the caloric equivalents 
of the excreta and of the body gain from the gross energy of the food. 
The special advantages of this procedure, which the authors have called 
“the body balance method”, are that the long period of observation 
serves to minimize the factor of error of work, and covers the complete 
process of food utilization during a protracted interval. Also, in order 
that the results shall represent the normal use of food, the animals 
were fed at super-maintenance planes of nutrition on diets which were 
nutritively complete, except as influenced by the protein intake, and 
were allowed unrestricted freedom of motion. This procedure has led 
to conclusions at variance with the generally prevailing ideas as to the 
influence of the protein intake on the production of heat because of 

» Autliomed for piiMieation on May 3, 1944, as paper no. 1234 in tke Journal Series of the 
Pennsylvania Agricultural Experiment Station. 
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differences in inethods of experimentation, and in the interpretation ot 
results, as will later appear. 

To assist ill clarifying our understanding of the influence of protein 
on the heat production from normal, mixed diets the authors conducted 
the experiment discussed in this paper. The general procedure was the 
same as in the previous experiments of this series, except that the en- 
vironmental temperature for the animals was maintained during the 
entire 70 days of the experiment definitely within the zone of thermal 
neutrality, that is, within the range of temperature at which no extra 
nutriment is katabolized for the maintenance of the normal temperature 
of the body. During the earlier experiments of this series the environ- 
mental temperatures wore not so controlled and were often slightly be- 
low the critical point, though all groups of animals received the same 
treatment. 

The idea that the dynamic effects of normal diets are in harmony 
with their protein contents depends primarily on tivo misconcexitions, 
(1) that speeifie dynamic effects of nutrients determined at planes of 
nutrition involving the katabolism of body substance apply to super- 
maintenance planes of nutrition, and (2) that the specific dynamic ef- 
fects of individual nutrients, determined by any iirocedure, ai ‘0 true of 
these nutrients when combined as in tlie diets of normal nutrition. 

The usual method of determining the specific dynamic etfeets of nutri- 
ents is to give a single feoduig of the test substance to an animal in a 
post-absorptive state and then, during intervals of time in which the 
aul)ject is quiet, to measure the maximum height of the increase in heat 
production, or more i;)ropei'ly the total increase in heat xn-oduction 
above the base rate, or above a mean value between the initial base 
rate and a final rate computed to represent the decreased heat produc- 
tion of the subject if it bad continued wdthout food during a time inter- 
val equal to the period of measurement of the increased metabolism. 

Tlie element of experimental error in any such short-time measure- 
ments is apt to bo large, especially as the result of a technic inadequate^ 
for the determination of either the maximum height of the metabolism 
attained or the total increase iii heat pt'oductiou ; and it is the authors’ 
uiiderstaiidiug that any such measurement, involving the katabolism of 
body substance, is too low to apply to xflanes of nutrition at or above 
maintenance by an amount representing the dynamic effect of the body 
nutrients katabolized. The point of view from which this observation 
is made has already been discussed (Forbes and Swift, ’41). 

That determinations of dynapiie effects by procedures inplying the 
heat production at a sub-maintenance status as a base value do not 
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apply to normal nutrition at super-maintenance rates is also indicated 
by the fact that the proportion in which the nutrients are utilized is 
much more prominently affected when the base value is below than 
when it is at or above maintenance. Also, the assumption that the 
specific dynamic effects of individual nutrients as determined by any 
procedure apply to combinations of nutrients is not in accord with es- 
tablished facts. 

In connection with the presentation of evidence on the heat incre- 
ments of diets balanced and unbalanced with respect to protein, Hamil- 
ton (’35, ’37, ’39) has summarized abundant literature showing that 
nutritive balance, in g’eneral, affects the economy of utilization of food 
energy; and an extensive series of papers from this institute, by E. B. 
Forbes and associates, on individual nutritive deficiencies as affecting 
the utilization of food energy, similarly imply that the heat increments 
and the energy values of nutrients in combination can not be the addi- 
tive separate heat increments and energy values of these constituent 
nutrients. 

Further, Forbes, Bratzler and associates (’39), Bing (’42), ‘and 
Forbes and Swift ( ’44) have conducted experiments showing that the 
dynamic effects of protein, carbohydrate and fat as individually de- 
termined are not true of these nutrients variously combined. 

EXPERIMENTAL 

In the present experiment the plan of the diets as given in table 1 
shows that their protein contents were determined by the proportions 
of beef muscle protein included; and the gross energy vahie.s of the 
diets were rendered equal by compensating adjustment of their con- 
tents of carbohydrate ^ and fat.® As a result, the arrangement of the 
diets in the order of their increasing protein contents had the effect of 
arranging them in the order of their decreasing contents of carbo- 
hydrate and fat. Critically speaking, therefore, the differences in the 
results produced by these diets should be ascribed not to the differences 
in protein intake alone but to this factor and the associated, compensat- 
ing differences in carbohydrate and fat. 

Eef erring to table 2 — the subjects of this experiment were eleven 
litter-triplets of weanling, male, rats divided into three groups of ap- 
proximately the same weight, which received equicaloric quantities of 
diets containing approximately 10%, 25%, and 45% of protein. All re- 
sults of this experiment, therefore, are averages representing eleven 
animals. 


“ Cerelose, 


Crisco. 
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Since the 25% protein diet was more nearly the optimum than the 
other two, for the growing rat, the gains in live "weight and in nitrogen 
produced by this diet were greater than by the diets of 10% and 45% 
protein ; but the gain in fat decreased in the increasing order of their 
contents of protein, which was in the decreasing order of their contents 
of metabolizable energy. 


TABLE 1 


Crmposiiion of dieU. 


IKOKEBlEN'f 

PIET 1 

DIET 2 

DIET 3 



r'c 

% 

Oellu flour 

4.00 

4.00 

4.00 

Salt- mixture ’ 

4.00 

4.00 

4.00 

NaCl 

1.00 

1,00 

1.00 

Yeast “ 

6.00 

6.00 

6.00 

Butterfat 

1.00 

1.00 

1.00 

Cerelose ® ' 

55.60 

43.45 

27.20 

Beef musele 

0.30 

29.58 

56.74 

Crisca 

39.20 

3 0.97 

0.00 

Total 

3 00.00 

100.00 

100,00 


Osborne, T. and L. B. Mendel, ’37. J. Biol. Oliein., vol. d‘2^ p. 3d9. 

“The :feast used ivas a mixture of 5 parts by weiglit brewer’s yeast and 1 part irradiated 
yeast. 

‘H!erelosc is a erystaiUne dextrose of high purity. 


TABLE 2 

Avoragt' amoun'fs of food rafev, and of gains in Uvr weigld^ nitrogen and fat per rat during 

70 dags. 


I'KDTT.IN 

IN DIIlT 

EH'K>r> EATEN, 
DRY MATTT:R 

lAVE WtUUlT 

Inhiul I'Tuul 

UAlN IN 
EMPTY 
TKJDY 
WEIGHT 

NITROGEN 

OE BODY 

(;ain 

FAT 

GAINED 

% 

guv. 

gm. 

7 /m. 

gm. 

gui. 

gvi. 

30.06 

498.4 

33.5 

346.2 

108.1 

3.02 

21.68 

24.81 

499.9 

33.3 

201.5 

363.7 

5.38 

19.03 

44.88 

499.8 

33.3 

380.2 

141.3 

4.76 

16.43 


The distribution of the total food nitrogen per rat, for 70 days, is 
given in table 3; and the distribntion of the food energy for the same 
period is presented, as from experiment no. VI in table 4, whieb gives 
parallel data from the entire series of six similar experiments con- 
ducted at this laboratory. 

The protein variant in experiments T, II and III was casein; and in 
experiments IV, V and VI it was beef muscle protein. 

As revealed by their live weights, the rats in experiments I, II, III, 
IV and VI were weanlings, in contrast to those in experiment V which 
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were mature. Tlie lightness of the initial live weights of the rats in ex- 
periment VI was due to a nutritive deficiency resulting from war-time 
restrictions affecting the manufacture of the commercial animal feed 
which served as the principal part of the stock colony ration. 

In this table the data representing “metabolized energy” are the 
values for food energy minus the energy of the feces and urine, and 
those for “metabolizable energy” are the values for food energy 
minus the energy of the excreta and the non-metabolizable energy of 
the protein retained. 


TABLE 3 

Bistrihiition of average 70 dags’ food nitrogen per rat as related to the plane of protein intahe. 


Protein in the diet, % 

lO.Od 

24.81 

44,88 

Nitrogen: 

Poodj gm. 

8.0 

21.0 

38.0 

PeeeSj gm. 

1.0 

1.6 

2.7 

Digested, gin. 

7.5 

19.4 

35‘.3 

% of food N 

88.2 

92.4 

92.9 

Urine, gm. 

4.4 

13.9 

29.4 

% of food N 

51.8 

60.2 

77.4 

Gain of N, gm. 

3.0 

5.4 

cq 

Ciilories in urine per gm. urinary N 

11.7 

8.0 

7.0 


CONCLUSIONS 

From a series of six experiments, five of which have been previously 
published, on the utilization of the energy and the protein of equicalorie 
diets differing in protein content, the following conclusions are drawn : 

The apparent digestibility of food nitrogen, and the per cent of the 
food nitrogen eliminated in the urine increased, and the energy per 
gram of nitrogen in the urine decreased, in the increasing order of the 
protein contents of the diets. 

The apparently digestible energy, as indicated in reverse by the 
energy of the feces, increased in the increasing order of the protein 
contents of the diets at the lower planes of protein intake, but in three 
experiments among the four in which the diet contained 45% of protein, 
the plane of maximum apparent digestibility of protein was exceeded. 

In all experiments the outgo of energy in the urine increased through- 
out the entire i*ange of increase in protein intake. 

The body gain of energy increased in the increasing order of the 
protein contents of the diets from 10% to 25%, but decreased in the 
order of the further increase in protein content of the diets to 45%. 
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The body gain of protein energy increased in accord with the in- 
creasing protein intake up to the 30% to 35% level, bnt was less ex- 
tensive at the 45% than at the 85% level. 

The body gains of fat energy represented balances of metabolizable 
energy supplied in excess of the requirements of the animal for main- 
tenance (including physical activity) and synthesivs of protein. The gains 
in fat energy were not in definite order with reference to the ])lane of 
protein intake. 

The metabolized energy wms about on a level at planes of protein 
intake up to 25%, but invariably decreased at the higher levol.s of 
dietary protein. 

The metabolized energy, the metabolizable energy, and the heat pro- 
duction all diminished at about the same slight rate throughout the en- 
tire range of increase in the protein contents of the equicaloric diets, 
thus rendering clear the fact that it was the metabolizable energy, and 
not the protein content of these diets, which dominated the production 
of heat. 

The improved condition of experimentation provided in the present 
study as compared with the previous studies of the series — that is, the 
maintenance of the environmental temperature within the zone of ther- 
mal neutrality for the subjects — was without observed eflbet on the 
results obtained. 


STJMMAET 

Results are presented of a study of the heat production of growing 
albino rats in relation to the protein contents of equicaloric diet.s (‘on- 
taining approximately 10%, 25%- and 45% of protein; and general 
conclusions are drawn from six similar studies, including the pi-esent 
experiment, on the same subject. 

The special purpose of this last experiment was to determine the 
effects of maintaining the environment at all times definitely wuthin 
the zone of thermal neutrality for the subjects. This improvement in 
conditions of experimentation was without observed effect on the re- 
sults obtained, as compared with previous findings. 

The metabolizable energy and the heat production diminished at 
about the same slight rate throughout the entire range of increase in 
the protein contents of the equicaloric diets, thus showing that it was 
the metabolizable energy, and not the protein content of these diets, 
which dominated the production of heat. 

Other conclusions are given in the text. 
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A decrease in tlie rate of intestinal absorption of galactose in acute 
severe thiamine deficiency and in vitamin B complex deficiency lias 
already been reported by this laboratory (Free and Leonards, ’42; 
Leonards and Free, ’43b). The possibility that prolonged subacute 
thiamine deficiency, which is more prevalent than the acute severe 
deficiency, may have an effect on intestinal absorption led to the 
present study. Specifically, it was designed to determine the effect 
of prolonged subsistence on diets low in thiamine on the rate of intes- 
tinal absorption of ghlactose in the rat. 

METHODS 

The methods used in the care of animals and in the measurement of 
intestinal absorption have already been adequately described (Free 
and Leonards, ’42). Three groups of young rats were placed on the 
vitamin B complex-free diet having the following percentage compo- 
sition : alcohol-extracted casein 18, starch 68, cottonseed oil 8, Mendel- 
Hubbell-Wakeman salt mixture (’37), 4, and cod liver oil 2; to 100 
parts of this mixture was added 0.2 part of choline chloride. One 
group of rats received this diet supplemented with 2 qg. of thiamine 
daily, the second group with 5 ng- daily and the third group with 10 

* The material contained in this paper is taken from a dissertation submitted by Jack 
B. Leonards, to the Graduate School of Western Eeserve University, June 1943, in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy in Bioehemifstvy. The 
authors are indebted to Prof. Victor 0. Myers for making possible the series of investi- 
gations on the effect of vitamin defilcieneies on intestinal absorption. 

® This investigation was supported by a grant from the Willianis-Waterman Pund of the 
Beseareh Corporation, New York. 

*We are indebted to Merck and Co., Bahway, New Jersey, for generous supplies of the 
vitamins employed in this study. 
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Jig. per day. Each experimental animal was “paired” with a litter- 
mate control rat which received 40 jig. of thiamine per day, and whose 
food intake was limited so that its weight was kept very nearly equal 
to that of the experimental member of the pair. 

All of the rats received the usual adequate daily supplements of 
riboflavin (25 Mg-) pyridoxine (20 jig-), and calcium pantothenate (100 
Mg.). The animals were kept on this diet for 70 to 80 days at which 
time the weights of animals receiving the 2 jig. and 5 Mg- of thiamine 
per day had become stabilized. At this time the measurements of in- 
testinal absorption of galactose were carried out. 



Pig. 1 The efleet of various thiamine supplements on the rate of growth of rats. 

RESULTS 

The average growth curves of the rats fed diets containing 2 Mg-> 
5 Mg’^and 10 pg-, respectively, of thiamine daily are given in figure 1, 
and are compared with those of a group of rats on the same diet 
eaten ad libitum but supplemented with 40 Mg- of thiamine daily. These 
growth curves do not include the weights of the paired control animals, 
but as previously mentioned the weights of these controls were kept 
very nearly the same as those of the experimental companions. The ani- 
mals receiving 5 pg- and 10 Mg- of thiamine daily grew at about the same 
rate for the first 8 weeks after which time the 5 pg. group did not gain 
any more weight. Two ug. of tbianiine daily Avas sulficient to enable 
the rats to attain a Avcight of about 75 gm. The weights then fluctuated 
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witliiii 5 or 10 gm. of this figure for tfie last 50 days of tlie experiment. 
Thus the condition of most of the animals in this group was kept 
rather constant for a considerable period of time. Four of the animals 
receiving 2 ng‘- of thiamine per day exhibited marked symtoms of 
polyneuritis after being- on the diet for about 60 days. These were 
promptly cured by allowing the rats to drink a solution containing 
20 |jg. of thiamine. Then, in order to prevent the rats from gaining too 
much weight, the regular daily thiamine supplements were withheld 
for 5 or 6 days. This procedure was thought to be preferable to at- 
tempting to cure the rats with smaller doses of thiamine. No recur- 
rences of polyneuritis were observed in these rats. 

The animals i-eceiving the higher levels of thiamine appeared normal 
in all respects, except for a slight decrease in the rate of growth. The 
rats on the 2 gg. daily level of thiamine, as well as their pair-fed con- 
trols, appeared emaciated and had rough fur. Priapism was observed 
in many of the animals both in the deficient and control groups. Al- 
though care was taken to assure an adequate supply of pantothenic 
acid, about one-half of the animals in the 2 ng. level group and their 
eonti;ols showed a “rusting” of the white fur around the neck, similar 
to that seen in pantothenic acid deficiency (McElroy, Salomon, Piggc 
and Cowgill, ’41). This was only of a very mild degree, and there were 
no “blood caked” whiskers. 

The individual results of the absorption studies of 25 pairs of rats 
in which the experimental member was allowed 2 gg. of thiamine daily 
are given in table 1. The average absorption coefficient of the deficient 
animals was 298 mg. per 100 g-m. per hour while that of the controls 
averaged 354 mg. per 100 gm. per hour. The rate of absorption of the 
deficient animals therefore averages 85% of that of the controls. 
This decrease in rate of absorption' of the chronically deficient ani- 
mals, although small and at the borderline of statistical significance, is 
exhibited by twenty-one of tlie twenty-five animals that were studied. 
That this decrease is not due mainly to changes in the factors of gas- 
tric motility and emptying time is shown by the fact that the intestines 
of the deficient animals contained even more galactose than those of 
the controls. The values are, respectively, 11% and 7% of the in- 
gested amount of the sugar. 

The average values for the blood galactose 1 hour after ingestion of 
the sugar Avere respectively, 513 mg. per 100 ml. and 578 mg. per 100 
ml. for deficient and control groups. Thus the rate of intestinal ab- 
sorption of the rats on the low thiamine intake, as measured by the 
blood galactose levels, averaged 89% of that of the control animals. 
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The blood galactose levels therefore do not indicate any impairment in 
the rate of metabolism of the sugar as was seen in the ease of rats 
acutely deficient in pantothenic acid and thiamine (Leonards and Free, 
’43a ; Leonards and Free, ’43b). 

The results obtained on the effects of daily intakes of 5 ug- and 
10 ng, of thiamine daily on the rate of intestinal absorption of galactose 
are also given in table 1. There is no significant difference in the rate 
of intestinal absorption in rats receiving 5 pg., 10 [.ig., or 40 pg. re- 
spectively, of thiamine daily. There are, however, two interesting ob- 
servations in these animals to be reported. One is that the absorption 

TABLE 1 


Intestinal absorption m rats receiving difereyil tbiamiino siippleneiits. 
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* Fraction of ingested galaetose 
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coefficients of these groups of animals are much lower than those ob- 
tained for all of the other groups of rats in vitamin deficient states 
which have been studied in this laboratory. The other observation is 
that the per cent of ingested galactose remaining in the intestines of 
these rats was also lower than that characteristic of other groups of 
animals, the amount of sugar in the stomach being correspondingly 
increased. One reason for these differences may be due to the fact 
that the growth of these animals was not stunted as much as in the 
more severe deficiencies. 

Hax-per (’42) studied the effect of suboptimal intake of thiamine on 
the rate of intestinal absorption in rats. The rats were given a thia- 
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mine deficient diet for 6 weeks or until their food consumption dimin- 
ished. They were then given 10 pg. of thiamine daily for a period 
which was not recorded. A decrease in the rate of absorption of glu- 
cose was observed in the deficient animals. This decrease amounted to 
17% of the normal rate when a 2-hour absorption period was used. The 
effect of gastric evacuation was not recorded. Although the conditions 
of Harper’s experiments were different than those described in this re- 
port, both studies indicate that only small decreases in the rate of in- 
testinal absorption of sugars are observed in mild chronic thiamine de- 
ficiency. 

SUMMARY 

1. The rate of intestinal absorption of galactose was measui'ed 
in 3 groups of rats which were kept for 70 to 80 days on thiamine in- 
takes of 2 fjg., 5 Mg-, and 10 pg- per day, respectively. The absorption 
was compared with “paired” control animals receiving 40 pg. of thia- 
mine per day. 

2. The rate of absorption of galactose in rats receiving these sub- 
optimal thiamine intakes averaged 85% to 90% of that of the controls. 

3. The methods employed did not indicate any change in the rate 
of metabolism of galactose as a result of the chronic thiamine deficiency. 
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Eats maintained on a puiified diet containing the B Complex 
vitamins — thiamine, riboflavin, pyridoxine, pantothenic acid, nicotinic 
acid and choline chloride — grow normally (Unna, Richards, and 
Sampson, ’41; Henderson et al., ’42). It was soon shown by Black, 
McKibbin, and Elvehjem (’41) and later by others that snlfaguanidbie 
inhibited the intestinal elaboi’ation of additional growth factoj’s re- 
quired by the i-at. The inclusion of sulfasuxidine in a synthetic diet 
gave rise to a biotin and folic acid deficiency (Nielsen and Elvehjem, 
’42), and recently it has been showm that an inositol deficiency may be 
produced by feeding’ sulfasuxidine, Nielsen and Black ( ’44) . However, 
the i*at can synthesize sufficient biotin, folic acid and inositol to meet 
its requirements of these factors if maintained on a synthetic diet 
devoid of a sidfonamide. It has been shown by Woolley (’40b) that 
the mouse requires inositol for normal hair formation. We now have 
evidence that the mouse, unlike the rat, requires biotin and folic aci<l 
for normal g’rowth on an ai'tifieial ration. 

EXPERIMENTAL 

The basal ration had the follo’wdng percentage eomiiosition : alcohol 
extracted sucrose, 68; alcohol extracted casein, 20; salts IV, 5; corn 
oil, 5 ; and cod liver oil, 2. The following B vitamins were incorporated 
into 100 grn. of the basal diet: tliiamine chloride, 0.5 mg.; riboflavin, 
1.25 mg'.; pyridoxine, 0.5 mg.; calcium pantothenate, 2.2 mg.; nicotinic 
acid, 5 rag. ; choline chloride, 200 mg. ; and inositol, 200 mg. The rations 
were never more than a week old and were stored in an ice box. A 
special feed cup -was used in order to overcome the tendency of mice 
to scatter the diets. An ointment jar 2 inches in diameter and approxi- 
mately 2 inches in depth was used as a food container. The jar was 
filled with ration to w'ithin a 1 inch of the top and a metal disc If inches 
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in diameter was placed over the feed. The disc had three holes of 4- inch 
in diameter through which all the food had to be obtained by the mice. 
The jar was fitted with a metal screw top with an opening of 1 inch in 
diameter, which prevented the removal of the disc by the mice. 

Male albino mice supplied by the Eoekland Farms wei'e used in this 
study. They were 21 days old and weighed from 7-9 gm. when placed 
on the eNperhnental diets. They were divided into groups of eight and 
placed in cages with raised screen bottoms. The animals were weig’hed 
individually and as a group each week. 

The basal ration described above did not support good growth in 
our mice (table 1). The weights reached a plateau at the end of the 
fourth week on this diet and many of the typical symptoms of a mild 
biotin deficiency were noted in the animals. The rough fur coat and 


TABLE 1 


Growth response. 


RATION 


BO0YWEIOHT (aVERAUK OF 8 MICE) AFTER 
2 W«eks 4 Weeks C Weeks 8 Weeks 


Basal 20 

Basal -f Biotin 20 

Basal -f Folic acid 21 

Basal 4” Biotin -f Folic acid 21 

Basal 4* Sulfasuxidine 16 

Basal 4“ Snlfasiixidine 4" Biotin 17 


Basal 4~ Snlfasiisidine 4- Folic acid 18 


20 

20 

23 

24.5 

23 

25 

25.5 

26 

28.5 

27 

29 

32 

14 

Bead 


19 

16.5 

Bead 

21 

22 

20 


curvature of the spine are shown in picture A which was taken after 
the mice had been on this diet 44 weeks. In another experiment biotin 
was added to the basal diet at a level of 8 pg. per 100 gm. of ration. The 
general appearance of the animals was much improved and the animals 
grew better. A mouse which received the basal ration plus biotin is 
shown in picture B. 

A super jBltrol eluate (eluate factor or folic acid concentrate) was 
prepared according to the procedure of Hutchings et al. (’41). This 
concentrate was added to the basal ration at the equivalent of 4 gm. 
of solubilized liver per 100 gm. of ration. A group of mice receiving 
this supplement grew better than the animals receiving the basal ra- 
tion (table 1). The difference in weight indicates that the mouse re- 
quires a source of folic acid when maintained on a completely artificial 
diet. 

Another group of mice was given the basal diet to which had been 
added 8 pg- biotin and a folic acid concentrate the equivalent of 4 gm. 
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of solubilized liver per 100 gm. of ration. The general appearance of 

the mice was very good as is seen in picture C, which was taken after 

the mice had been on this diet 4-J weeks. This group of mice showed 

greater gains in weight than the groups receiving either supplement 
alone as we were dealing with a complicated deficiency in the previous 
experiments. The animals were kept on this ration for 17 weeks and 
appeared normal in all respects. The individual weight of the animals 
at this time varied from 34r-37 gin. 

Since it rvas believed that mice can synthesize small amounts of 
biotin and folic acid, sulfasuxidine was incorporated in the basal diet 
to the extent of 0.6 gm. per 100 gm. of ration. A gronj) of mice receiv- 
ing this modified diet began to lose weight after the third week and all 
the animals were dead at the end of 6 weeks. An uncomplicated biotin 
deficiency was produced by supplementing this ration containing the 
drug with a folic acid concentrate. This diet supplemented with folic 
acid gave better growth responses but a typical alopecia developed after 
4 weeks. The alopecia was well defined and is seen in picture 1). It has 
been possible to cure and prevent this alopecia with biotin and definite 
growth of hair was seen after 2 weeks treatment. In another series of 
mice a severe folic acid deficiency was produced by feeding the basal 
diet containing the drug together with biotin at 8 pg. per 100 gm. of 
ration. No alopecia was seen in these animals although the hair coat 
was untidy. The administration of a folic acid concentrate restored the 
mice to apparent normal nutrition. 

DISOITSSION 

The supplementation of the basal ration with biotin and a folic acid 
concentrate gave a definite growth response. While rats maintained on 
a similar basal ration can synthesize adecpate amounts of biotin and 
folic acid, it would appear that the bacteria in the intestines of the 
mouse are unable to meet the full requirements for this species. Since 
only a mild biotin and folic acid deficiency was produced on the basal 
ration it is believed that small amounts of these vitamins were synthe- 
sized in the intestinal tract but not in adequate amounts for normal 
growdb. A severe biotin deficiency in our animals resulted in a well de- 
fined alopecia. A similar alopecia wiiieh responds to inositol has been 
described by Woolley (’40 a, b). Additional work is now in progress to 
ascertain if biotin is involved in tlie utilization or absorption of inositol 
or botb. 
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SUMMARY 

1. Biotin and folic acid are required by mice maintained on a com- 
pletely artificial diet. 

2. A severe biotin deficiency in mice is cliaracterized by alopecia. 

3. Biotin and folic acid deficiencies produced in mice on a syntbetic 
ration are more acute when 0.6% sulfasuxidine is included in this ration. 
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A xV mouKe Avliieli received tlie basal i*ation> 

B A mouse wliich received the basal ration plus biotin. 

0 A mouse which received the basal ration ijIus biotin and a folic acid concentrate. 
D A severe biotin deficiency in a mouse characterized by a well defined alopecia. 
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Tlie production of soybeans in this country has greatly increased 
within recent years. While only 29,000,000 bushels were produced in 
1936, the yearly crop had increased to nearly 80,000,000 bushels by 
1940, and the goal for 1943 was 216,000,000 bushels (Gortner and 
Gunderson, ’44). Although the bulk of the domestic crop is not 
destined for human consumption, an important though minor fraction 
makes its contribution to the human dietary. It has been I'eported 
in this connection that 35,000,000 bushels of the 1943 crop would 
be available in the form of low-fat or high-fat soya flour for consaimp- 
tion by our own populace and by recipients of Lend-Lease (Gortner 
and Gunderson, ’44). 

Soybeans are exceptionally rich in protein ® and it is of considerable 
practical importance to have as much information as possible on the 
nutritive qualities of this constituent of the bean. Provided it is of 
satisfactory nutritional value, the protein in soya products could af- 
ford a comparatively inexpensive supplement to the more common 
sources of food protein. 

Experiments with animals have indicated that the protein of whole 
soybeans, after an appropriate heat treatment, possesses good nutri- 
tional qualities and is superior to the proteins of other legumes in 
its growth-promoting properties (Everson and Heckert, ’44). Annual 
experimentation has also uncovered one of the limitations of the nu- 
tritive quality of soybean protein for it has been found that the addi- 
tion of cystine or methionine improves the utilization by rats and 
chicks of the protein of both raw and cooked beans (Hayward and 

^ Supported by a grant from tlie ISTutrition Foundation, Inc 

^Presented at tlie meeting of the Michigan Academy of Bcieiice, Arts and Ijottcr.s, An.n 
Arbor, March 17, 1944 

® The beans used in the present investigation contained about 34% on the basis of 'N X 
5.71. 
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Hafner, ’41). Altliough these studies with animals are invaluable and 
have a bearing on human as well as on animal nutrition, experiments 
with human beings are also desirable. Besearch of this type is rather 
costly and requires the painstaking cooperation of a number of indivi- 
duals. The results of such investigations, however, have the ad- 
vantage over those obtained in animal studies of being more directly 
applicable to problems in human nutrition. There is a scarcity of re- 
ports of studies with human subjects on the nutritive value of the 
protein of soybeans. Alost of the recorded investigations have dealt 
with the growth-promoting qualities of milk substitutes containing 
soybean piutein for infants. Only one study on the biological value 
of soya protein appears to have been carried out with adult human 
subjects. Cheng, Li, and Lan ( ’41) reported that the biological value of 
the protein in soybean curd (protein content of diet 2.6%) was 64%. 
This value was based on data secured from one 3-day collection peiiod 
on three subjects for both the experimental soya curd diet and a low- 
nitrogen basal diet. 

The present research was undertaken to study the digestibility and 
the biological value of soybean iirotein in adult human subjects. The 
products examined were whole soybeans ■*, soyfloin- ■'*, and soymilk.'* 

EXPERIMENTAL 

The method employed was that used by Murlin and his associates 
(’41) to obtain comparable information on the protein in different 
breads. This procedure involves a comparison of the amount of uri- 
nary and fecal nitrogen excreted by subjects fed an especially designed 
diet containing egg protein, with the amount of nitrogen excreted by 
the same individuals Avheu fed a similar diet containing the protein 
to be tested in place of the egg protein. The diet was planned to supply 
approximately four-fifths of the food nitrogen from either whole 
egg or the product under investigation, in adjacent test periods. Ap- 
proximately one-half of the remaining dietary nitrogen was contained 
in cream, and the rest in the form of fruit, vegetables, and accessories. 
The total protein level of the diet was maintained at or near 5% 

field-grown soybeans wore listed ridlior tlian a single variety. Studies 
with purified soybean ])roteiii from five varieties have sliown little, if any, differonee in th (3 
utilizatiuii hetwoen the varieties by the rat (G, Everson, por.sotial oonunimication). The 
soybeans were obtained through the eonrtesy of Dr. Percy Julian of the GUdden Coinpuny, 
Chicago. 

^ Staley Soyllour no. 2 was used. It was secured through the courtesy of the A. E, 
Staley Maniifueturing Company, Peoria. 

«The soybean milk, “MulhSoy/’ was generously provided by The Borden Company. 
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of the total caloric intake and the ratio of carbohydrate to fat was kept 
constant. Two of the diets eaten in the present study by one of the 
experimental subjects (F. G.) arc shown in table 1. In calculating the 
biological value of the protein under study, Mnrlin and his associates 


TABLE 1 


Samide dkin fiF.O.. did squad II), 


STANUARD J3GG DiKT PERIOD li 


Fnod.stiiff 



Oalorh’K 



Prot. 

Ourho. 


Kgg ’ 

f/D?. 

246 

130.2 


241 

Cream 

160 

12.7 

25.4 

535 

Starch 

cracker 

2X ^ 

2.3 

401.2 

124 

Lettuce 

60 

2.0 

5.7 

1.2 

Salad 

dressing 

31 



284 

Vitamin 

siippl. 

0.25 

0.3 



Orange 

juice 

150 

4.1 

65.0 

2.8 

Margarine 

40 

1.2 


305 

De-xtri- 

maltose 

172 

3.1 

670 


Apple 

300 

0.2 

171 

11,1 

Sucrose 

32 


12S 




156.1 

1516.3 

1504.1 


WItOLIi SOYBEAN DIET PERIOD III 


PoodHtuff 


Ojilorics 



Fml. 

Cfirho. 

Fab 

Cooked 1 




soybeans 94 

131.8 ^ 

45.6’'' 

184 

Cream 160 

12.7 

1 25.4 ■ 

535 

Btarcli 




cracker 2X ^ 

2.3 

451.2 

124 

Lettuce 60 

2.0 

5.7 

1.2 

Salad 




dressing 37 



342 

Vitamin 




siippl. 0.25 

0.3 


. . 

Orange 




juice 150 

4.1 

65.0 

2.S 

Margarine 40 

^ 1.2 


305 

Lextri- 


1 


maltose 172 

3.1 

670.0 


Apple 300 

0.2 

171 

11.1 

Sucrose 20 , 


80.0 



157.7 

151.3.9 

1505.1 


Total caloriesj 3176.7 


Total ealork’S, 3176.7 


Protein, 4.91% 

ftarbohydrate, 47.7% 
Fat 47.3% 


Protein, 4.96 % 

Carbohydrate, 47.7% 
Fat 47.3% 


^ Eaten as whole egg omelet. 

^ The pei'centage of protein in soybeans for use in the ealeulation of the protein calories 
was obtained by multiplying the percentage of soybean nitrogen by the factor 5.71, which 
is the nitrogen factor given by Jones ('31). 

The soybean carbohydrate calories wore based on the percentage of available carbohy- 
drate. Adolph and Kao ('33) have reported that 40% of soybean carbohydrate is utilizeil 
by the animal body, 

^ The starch cracker was eaten to supply calories with little nitrogen. It w'as patterned 
after tlie cracker employed by Simmer ynd Murliu ( '38) in one of their studies. The batter 
for the cracker used in the present investigation consisted of corn starch, 600' gm., gum 
acacia 32 gm., Crisco 80 gm., ahim baking powder 20 gm., Karo 80 gm., salt 8 gm., and 
water 800 gm. ,270 gm. of this batter poured into two pie tins and baked slowly for 1 hour 
provided two starch crackers. Two such crackers were eaten by each subject. 
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( ’41) made tlio tacit assumption that tlie egg protein was completely 
utilized. The calculated biological value was based, therefore, on egg 
protein, as 100. 

The experimental subjects were all males from the Medical School 
staff and student body. Owing to the nature of the reseai-cli, only a 
limited number of individuals could be studied together. Experiments 
were carried out with three separate diet squads, one squad being- 
studied at a time. Data on the ages, heights, body weights, and the dis- 
tribution of calories in the experimental diets for each subject in the 
different diet squads, together with dates showing the duration of the 
experiments with each squad, are given in table 2. 

The subjects ate all of their meals in one of the departmental labora- 
tories which served both as a dining room and kitchen. During a pre- 
liminary interval the individuals Avere fed a standard egg diet for a 
period of several days (6 to 10 days), during Avhich time adjustments 
were made in the diet and the subjects became familiar with the 
routine of eating together and of collecting feces and urine. After the 
preliminary interval, the first soybean product period began. This was 
followed by egg and soya product periods, so spiaced that a soya pro- 
duct period was always adjacent to an egg period. All of the experi- 
mental periods were 6 days in length. 

The subjects remained in good health throughout the study and the 
data in table 2 show that changes in body weight were only moderate. 
The diet promoted normal gastrointestinal function in all of the sub- 
jects. More frequent defecation and bettei’-foi’ined stools were ob- 
served during each of the soybean product periods than during the 
standard egg diet periods. The high satiety value of the ingested soy- 
bean products was noted. 

The soybean products employed as the source of the bulk of the 
nitrogen in the different experimental diets were prepared foi- con- 
sumption as described below. The whole soybeans rvere autoclaved 
with 2 parts of water at 15 pounds pressure for 1 hour. This treat- 
ment rendered them comparable in softness and flavor to soybeans 
cooked for several hours at normal atmospheric pressure. They 
were reheated for serving. The soyflour was mixed with water and 
salt (2-1 oz. flour, f cup water, and -1 teaspoon salt) and autoclaved for 1 
hour. Individual portions of the soya products were cooked daily. Al- 
though the soymilk Avas not autoclaved, heat had been employed in 
the course of its manufacture. The soymilk Avas warmed before drink- 
ing. Wiole egg was used in the form of an omelet. The eggs, 
secui-ed from one local source, did not vary appreciably iii protein con- 
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TABLB 3 

The diet nqnadi^” and the caloric dLstrihutloii in the e.rpermeulal diclr. 








€^ALOK.Il!lS 






BKUINntNG 

■VViUGilT 






- 

SO.UAO 

AOB 

inaGHT 

WISIGET 

CHAKUE 

Total 


DiKtrihiitioK 






iiitako 



— 

— - — -- 







Prat. 

rarbn. 

Pat 


urn. 

cm. 

leg. 

hg. 


% 

% 

% 

W. 0. 

31 

178.0 

67.0 

1.8 

260T " 

5.0 

47.5 

47.5 






2594 « 

4.7 

47.6 

47.7 






2605 

.. ¥ 

47.5 

4.7.6 

8. K. 

24 

180.2 

70.5 

+ 0.5 

3ti(r7 " 

5.0 

47.5 

47,5 






3593 

4.7 

47.6 

47.7 






3607 ’’ 

5.0 

47.4 

47.0 

K. P. 

22 

ioo.ti 

07.0 

+ 0.7 

3607 “ 

5.0 

47.5 

17.5 






3093 « 

4.7 

47.6 

4 :\7 






3607 >’ 

5.0 

47.4 

47.(5 

E. E. 

k>0 

171.2 

62.5 

--- 0.7 

2607 ^ 

5.0 

47.5 

47.5 






2504 « 

4.7 

47. (> 

47.7 



- 



2605 ■> 

4.9 

47.0 

47.6 

- 









E. C. 


184.2 

86.7 

— 0.2 

3799 

4.9 

47.6 

47,5 






3805 “ 

4.9 

47.5 

•17.6 






3S04 

4.9 

47.6 

4/ .•) 

J. G, 

23 

105.1 

04.0 

0.0 

2995 

5.1 

47.5 

47.4 






2987 

5.1 

47.5 

47 . 1 . 

P. G. 

21 

“Tl^o™ j 

01.0 j 

oT' 

‘“■3177 

"“ 4.9 i 

47.7 

4 7.3" 






1 3377 c 

5.0 

47.7 

4 7.3 






; 3179 

5.0 ' 

4 7.4 

47.6 

"TiTiir" 

22~ 

'i7d:o ' 

67.5 


' "3208“*’ ■“ 

~~lL9 1 

47.7 

47.4 






3206 '• 

5.0 

4 7.5 i 

47.5 






3208 ** 

4.9 

4/. 5 ! 

47.6 



“170' 

■ ""oorr' " 


: “■ 3167'*’ ' 

■““" 4 . 9 “"“ 

! i 

4 7.5 






3168 ‘• 

4.9 

47.6 j 

47.5 




1 


' 3168 

4.8 

1 47.7 

47.5 


22 

183..! 

1 74.6 

+ 0.5 

3500*’ 

1 


47.5 






3504 « 

5.0 

47.5 1 

47,5 






3503 ‘* 

5.0 

47.5 

47.5 

TTJ 









j E. a 

vTtl 

184.2 

1 86.3 

(U) 

! 3798 

^ 4.9 

47.6 

47,5 






; 3797 

4.8 

471) 

47.0 


C-U) 

i'Sl.4 

77.5 

--- 0.5 


^4.9“““ 


47.5 






1 3597 « 

D.O 

4-7.5 

47.5 

A. F. 


^180.0“ 

71.4 1 

1.6 

1 "3302 

5.0 

" 4556'"’ 

” 47:4 






1 3299 " 

4.9 

47.6 

47.0 


21 

178.0 

62.1 1 

0.0“ 

'“3196 ~ 

,4.9 

47.6 

47.0 


! 




3190 « 

4.9 

47.6 

47.0 


22 

170.0 

68 

+ 0.5 

■'"■3267''^“j 

4.9 

47.6 

47.0 



i 



3209 « 

4.9 

47.6 

47,5 

Is, z. 

28 

160.0 I 

63.1 

+ 1.0 

““29'89'*^ 

5.1 

“ 47 J 5 

47.4 


I 




2985 

5.0 

47.5 

47.5 


« Three of the subjects served on two diet squads; all others served only once. 
** Standard egg diet containing whole egg omelet as the chief source of protein. 

“ Diet containing autoclaved whole soybeans as the chief source of protein. 

Diet containing soybean '^‘niilk^^ as the chief source of protein. 

® Diet containing autoclaved soybean Hour as the chief source of protein. 
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tout as determined by nitrogen analyses. One brand of oleomargarine 
was employed tbrongbont tlie study; it was mucb lower in nitrogen 
than butter. The cream (36%) was secured by special arrangement 
from, a local dairy. The orange juice was prepared from; California 
Valencias or Florida oranges, depending on the season ; the apples wmre 
largely Northern Spies. Dextrirnaltose and sucrose were used to 
augment the carbohydrate calories. Salad dressing was always made 
from the same brands of commercial salad oil and distilled vinegar. 
One vitamin capsule*^ daily provided 1.5 mg. of thiamine chloride, 2 
mg. of riboflavin, 1 rag. of calcium pantothenate, 10 mg. of niacin, 250 
;ig. of pyridoxin, and yeast and liver extract. The gelatin shell of the 
capsule was not consumed with the vitamins. 

All analyses for nitrogen wei'o made by the maci-o Ivjiddahl metliod. 
Foods were sampled periodically and nitrogen determinations made 
on aliquots of pooled samples. Ilvino Avas analyzed daily for the last 
4 days of each ])eriod. Nitrogen analyses were made on the fetud raa- 
tei'ial collected dining each (5-day period. Charcoal markers taken 
with the. first meal of each period permitted separation of the feces of 
one period from those of another. The fresh feces were kepi covered 
with etluinol containing Ifc sulfuric acid until dried on the steam cone. 
Nitrogen determinations were made on alhpiots of the ground dried 
material. 

For purposes of calculation of the biological value, the avei-age daily 
nitrogen excretion in the feces aiid in the in-ine by subjects fed a 
soybean product diet was compared to that of the same subjects fed 
the comparable standard egg diet, aeeovding to the method of Murlin 
and his associates (’41), details of ufliich are shown in table 3. In 
most cases the daily averages vmre obtained from the data for two 
yieriods for each type of diet. In the experiment with diet sipiad 11, foi‘ 
instance, diets Avore eaten in the folloAving order: prolimhmry egg, 
AA’hole soybean, standard egg, A\diole soyhoaa, soymilk, standard egg, 
soymilk. The daily av'erage nitrogen excretion during the tAvo Avliole 
soybean periods aauis compared in the proscribed maimer Avith that of 
the two standard egg periods; the daily average niti’ogen ext-retion 
during the Iavo soymilk periods Avas similarly compared. The urinary 
excretion of nitrogen during the tAvo standard egg periods avhs not 
identical — sometimes a few decigrams less nitrogen Avas excreted 
in the second period by a given individual than in the first, sometimes 

’Wo arc inflelited to Mead Jnlmsoii and Company fov the BextrimaHose uo. 1 used in 
theso. experiments. 

» Kindly provided by the Gelatin Products Company. 



Digestibility and biological value of soybean profeni in coohed ivhole soybeans, cooked soybean 
flour and soybean (based on daily averages). 
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vice versa. In some instances data were available for certain subjects 
for only one period in wliicli a certain type of diet was eaten. Thus, in 
the first diet squad experiment four individuals ate whole soybeans 
for one period instead of the usual two and the daily averages for this 
one food product were based on one period for these subjects. Similarly, 
the subjects of diet squad III ate the standard egg diet for only one 
period owing to the untimely interruption of the experiment by the 
Detroit race riot. 


DLSOTJSSION OP RESULTS 

The values for the true digestibility and for the biological value of 
soya products tested are given in table 3 foi‘ each of the experimental 
subjects. Thu data in table 3 sliow little vai-ialion in the average protein 
digestibility between the soybean products used in this study. The 
average values for autoclaved whole soybeans,- autoclaved soytiour, 
and soymilk are 90.5, 94.0, and 89.0%, respectively. Ifor purposes of 
comparison it may be mentioned that Tso and (.Ihu ('31), in studies 
with infants, recorded values averaging 80%. when soya protein was 
fed in the form of soybean “milk.” 

The average biological values for maintenance for the three soya 
products are not widely dissimilar, being 94.5% for llie protcnn in 
cooked whole soybeans, 91.7% for cooked soybean flour, and 95.3% 
for soybean “milk.” It is noteworthy for purposes of comparison 
tliat the biological values for luahitenanee of the protein of a wheat 
cereal biscuit, a whole wheat broad, and a. white bread as determined 
by the metliod employed in the present study wore 81.6%, 77.8%, and 
74.6%), respectively (Murliii, Marshall, and Kocliukian, ’41). 

The comparatively high biological \Ttliie of soybean protein as de- 
termined in our studies with human subjects is in accord with the 
the results of investigations with animals wliieh have given evidence 
of the good nutritional qualities of the protein of this lognme. Not 
only is siiitahiy prepared soybean protein capable, as the sole source 
of protein in the diet, of supporting good growth in expei-imental 
animals, but soybean flour supplenientvS greatly inipi-ove the nutritive 
value of patent flour (Jones and Devine, ’42). 

It is well known that the biological value of dried uncooked soybean 
protein may be improved by a certain degree of heating (Johnson, 
Parsons, and Stoeiiboek, ’39). No attempt was made in the present 
study to assess the effect of heat on the biological value of in-otoin 
in the soybean products eaten. Tlie whole soybeans and the soybean 
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flour used in our experiments were cooked (autoclaved) for tlie prac- 
tical purpose of making them palatable. 

The nitrog’en balances calculated for the different experimental 
periods indicated that the level of pi’otein in the experimental diets 
was well-suited to bring out differences between the egg protein and 
the protein of the various soybean products studied. The average 
daily nitrogen balance for all of the egg diet periods was 0.787 
gm., while the comparable balance values for the whole soybean, 
soyflour, and soymilk diets were — 0.147, 0.298, and — 0.162 gm., 

respectively. As shown in table 3, the subjects excreted more nitrogen 
in the feces when fed the soya product diets than when fed the standard 
egg diet. This finding was in part responsible for the less favorable 
nitrogen balances observed when soybean diets were consumed. Eose 
and MacLeod (’25) ohseiwed that the “cost of digestion,” as assessed 
by the excretion of fecal nitrogen, was greater for soybean curd than 
for the protein in meat, and in bread and milk. 

Both the digestibility and the biological value of a protein are 
important, of course, in determining its over-all nutritive value. By 
multiplying the digestibility by the biological value a quantitative ex- 
pression is obtained which might be termed the nutritive index. The 
comparative nutritive index of the protein in whole cooked soybeans, 
as determined in the present maintenance experiments, is 0.9 multiplied 
by 94.5%, or 85 compared to egg taken as 100.® Although the exigen- 
cies of digestion and consequent loss of nitrogen in the feces reduce 
somewhat the gross nutritive value of tlie soya protein, the soybean 
appears to be a valuable adjunct to the moi-e common sources of diet- 
ary protein. 

SUMMARY 

The average true digestibility in adult human subjects of the protein 
in cooked whole soybeans, in cooked soybean flour, and in soybean milk 
was found to be 90.5%, 94.0%, and 89.6%, respectively. 

The average biological value of soybean protein for maintenance in 
adult human subjects, as determined by the method of Murlin et al. 
(’41) in which the protein of whole egg is employed as a standard, 
was found to be 94.5% for the protein in cooked whole soybeans, 91.7% 
for that in cooked soyfloui’, and 95.3% for that in a commercial soy- 
bean “milk.” 

” A value of 100 would presuppose not only complete digestibility of egg protein but 
«t1so a biological value of 100%. Actually, the average biological value of the protein of 
whole egg, as determined in experiments with young rats (Mitchell and Carmen, ^26) is 
94%. The true nutritive index of whole egg protein, as well as that of soybean protein, 
is, therefore, somewhat lower than the value given in the text. 
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Under the conditions of the present study less favorable nitrogx-u 
balances were observed when the experimental subjects were fed diets 
containing soybean products than when they ivere fed a standard egg 
diet, owing largely to greater loss of soybean nitrogen in the feces. 
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Although diolhie and pyridoxiiio aro recognized as essential tae- 
toi's toi* nonnal animal metal)()lisin thei'e is a paucity ot infornialioii 
concerning the distrilaition of tliese substances even in the main dietary 
constituents. 8ince chemical and microbiological methods fo]^ the de- 
termination of choline (Engel, ’42) and ijyridoxim' (Atkin et ah, ’43) 
were available, we have used these methods to determine the choline 
and pyridoxine content of a nnml)er of fresh, cooked and commer- 
cially }.)re])ared meats. 

EXPERUI KNd'AL 

The methods of pi'e])ari]ig the samples have been reported previously 
(Alclntire et ah, ’43), (Kclnveigert et ah, ’44) and (Mclutire et al, 
’44). All determinations wore made on nndried fresh and cooked 
meats. Values reported on the di*y 1)asis were calculated fi’om results 
of the determinations on fresJj meats. 

The method used for the determination of choline was essentially 
that re])oi‘ted by Engel (’42). Sanijiles of f]*esh and cooked moats 
Avere minc(‘d tinely and extracted over night Avith boiling methanol. 
The alcohol extracts Avere evaporated to dryness on a steam l}atli, and 
the residues Avere saponified foi* 2 hours Avitli l)oiling acjiieoiis bai*ium 
hydroxide. After sa])oinfication the barium soaps were Altered off, 
and the choline Avas ])rGeipitnted as choline reineckate by adding b ml. 
of an aleoliolic solution of 2% armnoniiim reineckate to the filtrate. 
CAmplete ])reeipitation of the choline ]*eineckate Avas assured l)y al- 
loAviug the mixture to stand in a ■— 4'“Ck cold room for 12 hours. The 
bright red eholiiic reineckate precipitate was then Avashed Avitb 2~5 
ml. portions of cold ethanol and Avater until the Avashings Avere free of 
color. Tlio choline reineckate Avas dissolved in approximately lb ml. of 
acetone and the concentration determined by measuring the density 

^ ■PiilbisluMl with tlic u])])T()Val of Diroctor of flu* AViseonsiu A.e:rU‘u!tiiral Exjtoriiiuuit 
Station. 

SnpporteU in part hy a grant from tlio National Live Storlv ami Mont Fioard. 

L>n} 


Co])yriu'lH. 1944 
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of tlio color ill ail Evelyn colorimctei-. ThE met hod ]iro\-ed very satis- 
factory and dn]ilicato determinatious with i’ow exeei)tiuiis checked 
ivitliin d'/( . 

A moditicatiou of the yeast method of Atkin et al. ( Alt was used 
for tlie determination of pyridoxiiie. least eidtures were ,u''-’o\yn in 
125 ml. Erleiimeyer liasks in a 30°(.'. inenbator without shaking for IS) 
lumi's. Alaxiinmn liberation of the pyiidoxine was attained when the 
meat samiiles were autoclaved for 1 hour at 20 l))s. pressui'e in ISO ml. 
of 0.1 N HC'l. Becoveries varying from 83 to 101 were obtainetl under 
these conditions. Comsiderahle variation was oliserved in duplicate 
analyses although all values I'ecorded in this ])aper were cheeked 
within lOy;. The choline and pyridoxiiie eoiitents of veal, land), ])ork, 
and heef as well as several siiecial org'ans and eoniniei'idalli prepared 
meats were detej-mined (table 1). 

DISCUSSION 

t’holine values for the various meats agree wilh the available lailues 
reported by Engel (’4M), who has made a gencu'al snrx'ey ol ihe ('holinc' 
content of animal and plant products, (lur values for roust veal were 
133 to 144 mg., for Jamb chops 76 mg., ami foi' ham 101 to 120 mg. of 
choline per hundred grams of meat compared to 113 mg. foi- veal roast, 
106 mg. for lamb chops, and 88 mg. per hundred grams for ham reported 
by Engel. ()ur clioline values for kidney and liver, 241* to 280 mg. 
and 470 to 570 mg. per hundred grams compare with .‘l.’iO and 486 to 708 
mg. of eholine jjer Jumdred grains of kidney and liver re])orted by Engel. 

Most ijyridoxiiie values obtained in this work are in good agreement 
with those obtained by Henderson et al. ('41) with tlie rat assay 
method, although some of our values for the muscle meats arc slightly 
lowin'. These discrepancies are attributed to the fact that fat was 
trimmed from the meats assayed by Henderson et al. They reported 
0.3 mg. of jiyridoxine for lamb muscle, 0.5!) mg. for ham, and 0.4 ing. 
for veal per lumdred grams. The range of our values fur these meats 
are 0.22 to 0.33 mg. for lamb, 0.25 to 0.37 mg. for ham and O.'Jo to 0.45 
mg./lOO grn. for veal. The values for organ meats am in yood agri'e- 
meiit Avith the values reported by Henderson et al. ( ‘41 ) whicii are 0.44 
mg. of Jiyridoxine for heef kidney, 0.24 mg. for beef heart. 0.73 nig. 
for heef liA'or and 0.12 mg. -lOO gni. for beef tongue. <lur eorresponding 
A-alues for tliese meats were 0.36 to 0.42 mg. for lieef kidney. 0.20 ing. 
for veal heart, 0.5 to 0.00 mg. for beef liver and 0.13 mg. 100 gnu for 
heef ioiiyne. 
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AataDiiii rotoiitioii studies wej*e carried out after cooking veal and 
lamb and curing liaiiL The inetiiod for calculating retentions has been 
previously descri])ed (Mclntire et al. ’43a). The veal samples were 
roasted, braised and stewed and the lamb samples were roasted, 
l)roiled, and stewed. 

The destruction or leaching of choline from the meats during any of 
the cooking or cm-ing processes is negligible since 87 to 114r//r of tlie 
cboline was retained in the meat. 


TABLE 1 
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“ 

- — - ■ 




OnOUNK 



i'VHIDOXIXK 


^XMVIA. 

Frrsli 


r 

rr»‘sli 

])ry 


Raiis;«‘ 

Avg. 

Uanj?e 

Av.,. 

liiinse 

A\g. 

Fiaiiiii:** 

Avf?, 

\\‘mI 




j 


■ 



Le#i- 

9o-n)8 

1 02 

366— 432 

; 389 

.34-.41 

0.37 

1.3 -1.6 : 

1.4 

Roast 


132 

338-392 

; 360 

.20-.21 

0.20 

.50- .57 

.53 

SlioaUliM* 

sy-mu 

93 

268-373 

3 3 7 

.25-.38 

.30 

.81-1.4 

1.1 

Roast sliOul<lo7' 

la 3-143 

139 

330—376 

343 

.3 2-.15 

.14 

.30- .37 

.33 

Sirloin rlitt]) 

S7-a05 

96 

242-404 

317 

.36-.45 

.41 

].n -1.7 

1.4 

HraistMl rlio]> 

328-357 

l-to 

242—342 

285 

.KK12 

.13 

.21- .24 ' 

.23 

Shoulder <dio]> 

92-101 

97 

307-422 

376 

.32-.38 

.35 

1.1 -1.4 

1.2 

Braised elio]i 

149-156 

154 

317-400 

366 

.U-.34 

.12 

.22- .34 

.28 

Stew meat 

94-100 

96 

336-400 

367 

.32-.34 

.33 

1.3 

1.3 

Co(dved stew 

137-149 

142 

360-378 

370 

.09-.3 0 

.10 

.24- ,27 

.26 

lianib 









Leg- 

75- 92 

S4 

202-317 

290 

.24-33 

.29 

.811-1.) 

.93 

Roast 

122-124 

123 

284-295 

290 

.10-. 13 

.12 

.23- .31 

.27 

Sirloin <diu|i 

7 5— 7 7 

76 

170-198 

189 

.21— .22 

.22 

.50- .56 

.53 

Broiled rliuj* 

100-326 

113 

204-252 

228 ; 

.08-.3 3 

.11 

.17- .26 

22 

Stt'w meat 

TO)- S2 

79 

222-230 

; 226 i 

‘^‘3— 23 

.23 

.62- .66 

.64 

('oohed sTt‘W 

110-128 

122 

247-291 

’ 269 : 

.05-.06 

,06 

,11- .14 

.13 

Pork 









Ham 

101-329 

P20 , 



25— .37 

.33 



Cured ha in 

98-3 29 : 

122 1 



.3 5-.21 

.19 i 



Beef 









Liver 

470-570 1 

510 I 



.50-.09 

.71 : 



Round 

05- 70 

6S ^ 



.31-.43 

.37 ; 



Tongue 

308 

108 ■ 



.13 

.13 

1 


Heart 

' 170 i 

170 ; 



.29 

.29 



Braised heart 

, 200-275 1 

238 1 







Kid Her 

240-284 1 

1 : 



.36-.42 

.39 

i 


Brain 

399-420 

: 410 1 



.16 

.16 



IM iseella neons 


i 





1 

! 


Bologna 

00 

i 

1 






Frankfurters 

57 

57 ' 



; .13 

.13 

i 


Pork links 

; 48 

48 







Canadian bavon 

: 80 

i 80 




i 

i 




J. M. .\1(«INTIJ?K AKI) OTfiKRS 


9‘)0 


A ]()W ])yridoxiiio reteiition in meat after eoekin^u* was (}uite sui*~ 
pi'isiii.a' ia view of the fact tliat this vitamin is eo]isi(hM‘e<l to ])e one 
of tile heat stable members of tlu^ R complex. Retentions of ])yri(loxiiie 
in the meat after various cookin.U’ methods rangvd from 14 to 42yi 
and retentioiiin liam after curin.e,* averaged 57^? . A few of the drip})ings 
from the cooked meat were available foi* analysis, but all wei'e found lo 
contain less tlian 6 of the total vitamin in the meat. A snmmary of tlie 
pyridoxine retention studies is sliowii in table 2. 
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A few correiaticms between the ty])e of cookiii,!!,' and the pyridoxini' 
retention are apparent. Boasting' and broiling resulted in biglier ri‘- 
tentioii than stewing and braising. The average retention attco' I'oasting 
veal wa.s 34% and after roasting lamb 28%. After broiling lamb the 
average amount of pyridoxine retained was 34%. The retention 
lifter stewing veal and lamb was 18 and 16%i, res] »ectively, while reten- 
tion aftei- braising' veal was 18%. 

kSirnilar eori'elations were fonnd foi' tliiamiin' retention in veal and 
lamb after these cooking processes ( iMcIntire et al., ’43). It was sug- 
gested at that time that the extracting action on the meat of the eon- 
densing vapoi's and surrounding litiuid during the braising and stew- 
ing processes was re.sponsible for the greater thiamine losses from 
the meat. The pyridoxine T'otentions after these cooking processes 
can also be explained on this basis. 

SUMMARY 

A survey of tlie cbolnie and pyridoxine content of veal, lamb, imrk, 
l)eef, special organ meats, and commercially prepared meats has been 
made. ^lusele meats contain from 0.22 to 0.45 mg. of pyi'idoxine and 
70 to 144 mg. of choline per hundred grams. Kidney, heart and liver 
uro somewhat higher. 
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A sti’ain difference in tlie dei^elopineiit of cataract has been reported 
in the rat both in relation to the time of onset and to the degree of inci- 
dence following lactose feeding (Mitchell, ’36). Further studies have 
demonstrated that the cataractogenic properties of these rations were 
not due to lactose per se but rather to galactose liberated from this 
sugar on hydrolysis (Mitchell, ’35; Day, ’36). In the present communi- 
cation we wish to report the inadequacy of lactose and beta-lactose ^ as 
the sole dietary carbohydrate m puiified rations for the rat, an inade- 
quacy varying both in extent and degree with the strain and not shared 
by galactose, glucose, sucrose or com starch when one of the latter re- 
places lactose or beta-lactose in the ration; 

PnOCEUlTBE xVXD EESULTS 

Two strains of rats were employed in the present experiment: (1) 
animals of the Ijong-Evans strain (both colored and albino) ; and (2) 
animals of the IT.S.C. strain^ (albino). At weaning' (21-23 days) litter 
mates of both sexes were placed on eight different dietary regimes 
(table 1). Seven groups of rats were maintained on diets difPering 
solely in composition of dietary carbohydrate and an eighth group (H) 
was maintained on Purina dog ehow which was supplemented once a 
week with lettuce. A total of ninety-four Loug-Evans and sixty-four 
IT.S.C. rats were employed in the following experiment. 

After 72 hours on the feeding regimes, Long-Evans rats on the beta- 
lactose ration differed markedly from litter mates on control diets or 
animals of the U.S.C. strain on the same diet. Ingestion of the beta- 
lactose ration resulted in a syndrome consisting of severe diarrhea, 

^ Beta-laetose or aiilirdroiis lactose is formed by crystallizing lactose at a temperature of 
93.5®C. It is a white crystalline powder, sweeter than lactose, and about t’tvice as soluble as the 
latter in -water. In the presence of -water at 75 ®0. it gradually reverts to ordinary lactose, 

- A modified. Wistar strain. 
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unthrifty appearance, ruffled i'ur, edema of the hind ])uws, various de- 
giees of alopecia, and finally death. Length of survival avoi’aged 4 9 
days (2-17). Spiptoms varied considerably from animal to animal. 

pproximately 50% of the rats exhibited varying degrees of alopecia 
at the time of death, this being most pronounced in animals survivine' 
longest on tlie ration. Loss of bail' was olrserved in some animals as 

TABLE 1 

Composition of c^rperlmmital diets and disfr^lhuHon of rats. 


D1 ETAny COM PON LNI'K 


Lactose ^ 

Beta-lactose “ 
G-alaetoso 
G-lucose 
Sucrose 
Corn starch 
Vitamin test casein ^ 
^ (— ) Cystine 
Salt mixture^ 

I>isti*ibuti(m of rats 

Strom; Long-Tlvaiis 
IT.S.C. 



D 1 

E T 

— ~ 

— — 

— 

A 

B 

C 

x> 

1 K 

1 

I y 

G 

i 

! H 

7:L2 

/ 11.2 

7.‘).2 

73.2 


i 

1 

36.6 






73.2 

i 

36.t3 







! 7;i.2 : 

i 


22.0 

22,0 

22.0 

22,0 

22.0 1 

22.0 i 

22.0 1 


0.3 

0.3 

0.3 1 

0.3 

0.3 1 

0.3 I 

0.3 ! 


4.0 

4.5 

4.5 

4.5 

4.5 ! 

4.5 ' 

4.5 


10 1 

i 

12 ; 

42 j 
12 i 

1 

4 1 

O 

0 

0 ' 

'i' 

1 

10 ; 

10 1 

i 

6 

f) 

l' 

6 I 

6 1 

10 

30 


hydroeiaoriae the Rowing s,-„tUetie vita,ni„s: thiamine 

100 mg., nicotinic fekl 100 me n -imSnBp, ^diochloride 20 mg., calcium pantothenate 

1200 mg., and 2-methvl Iphtl’maXre^ ’ “t 

daily .4plement::2oir*^^^^^ «■« following 

concentrate' containing 50 TJ 8 p unite nf’-l a vitamin A and D 

r-ations were fed ad £4. ' ''ita-mu I). All 

National Milk Sugar Company, New York, New York. 

S.M.A. C orporation, Chagrin Palls, Ohio. 

' Salt mixture no. 1 (Sure, '41). 

"“"'•"S ”».»»» I'-sr, U.I.. A 80,000 as,p. 

wift » evideneo oralo2il alf Sf"' “‘r'"' -IM 

paws, an nnthriftv appoatanco and''raiBfT?'''f™'’*''"'’' 

fscal .atenial, Ei,„t ,„ 12 wi a^^S wSLrt'' 
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eurred in body tenipevatui’e, animals became weak and listless, body 
tone poor, and when animals were placed on tbeir back rigbting’ was 
markedly delayed. 

Eats of tbe Long-Evans strain receiving the lactose diet differed in 
several respects from those on the beta-lactose ration. Length of sur- 
vival was prolonged, averaging 11.5 days (6-21) in contrast to the 4.9 
days of the beta-lactose series. Alopecia was not observed before the 
eighth day of feeding and in general was less pronounced. Diarrliea 
developed more slowly and wms less extensive; edema of the hind paws 
was not observed; but in general the syndrome paralleled that of the 
beta-lactose series. At autopsy the only gross abnoi’mality observed 
was a marked dilatation of the cecum. Rats failed to grow satisfactorily 
on the lactose and )>eta-lactose rations and gained less than 7 gan. a week 
in contrast to 20 ± 2 gm. for litter mates receiving any of the other 
diets except galactose. Preceding death a drop in body weight oc- 
curred wdiieh approximated 20'/r of the maximum weight. Animals on 
the galactose ration differed, liowever, from litter mates on glucose, 
sucrose or corn starch rations; their growth was poor, the animals ac- 
tually losing 10% of their body weight during the first week on the 
ration. During the second week rveight loss vras recovered so that by 
the fourteenth day animals had attained weaning weight. Subsequent 
to this period growth averaged 10 gm. a week for the next 2 wwks at 
which time feeding -was discontinued. Mature cataracts developed 22 
to 24 days after the start of the feeding regime in contrast to the 11- 
day period preceding development in the U.S.C. strain (two rats only). 
Food consumption was increased averaging 17.5% of body weight per 
day as contrasted with 10.5% in litter mates receiving glucose, sucrose 
or corn starch rations, and water consumption was similarly elevated 
averaging 118% of body weight per day (63-215%) in contrast to a 
daily consumption of 12 ±: 1%> in litter mates receiving glucose, sucrose 
or corn starch rations for a similar period. 

x\ difference was observed between the Long-Evans and the F.S.C. 
strains as a result of ingesting lactose or beta-lactose rations. Length 
of survival was prolonged in the U.S.C. strain, averaging 22 days (16- 
28) for rats on the beta-lactose diet and 26 days (19-28) for the lactose 
ration contrasting with 4.9 and 11.5 days respectively for animals of 
the liOng-Evans strain. That these differences ai’e significant is evident 
from the fact that the longest survival tune noted for Long-Evans 
rats on diets A or B was less than the avei’ages observed for F.S.fh 
rats on similar rations. In the F.S.C. strain, for the first 10 days of 
feeding, animals on the lactose or beta-lactose diet were indistinguish- 
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able froiix litter mates on control rations, witli the exception of retarded 
growth. Subsequent to this period, symptoms similar to those in the 
Long-Evans strain developed. In general, alopecia was not as marked 
as in the latter strain; only i of the rats exhibited thinning or loss of 
fur with the affected area primarily the lower back and abdomen. At 
autopsy the only gross abnormality observed was a marked dilation of 
the cecum ■'* approaching twenty times its extent in litter mate controls. 
No significant difference was observed between the two strains after 
feeding the other diets. 


Effects of previous diet on beta-lactose feeding 

Ten Long-Evans rats were placed at weaning on rations E and H 
(five animals per group). Both diets V'ere fed ad libitum. After 28 days 
of feeding rats were transferred to a beta-lactose ration (diet B). No 
significant difference in response was noted between the two groups. 
Survival averaged 14 ±: 3 days. By the seventh day alopecia was 
marked in both series, animals developed acute diarrhea, lost weight 
rapidly, and at autopsy averaged 30% less thaix when placed on the 
beta-lactose ration. There is some evidence that tin' age at which rats 
were started on the lieta-lactose ration affected respon.se to feeding. 
"When rats were placed on a beta-lactose ration at weaning, survival 
averaged 4.9 days; when placed on the I’ation at 49 days of age, sur- 
vival averaged 14 days; when started at 150 days of age (three rats) 
animals remained free of symptoms for 28 days at which time feeding 
was discontinued. 

Effects of previous maternal diet on lactose and hcta-lactose 
feeding of young 

The experimental animals of the following series coTisisted of young 
born to mothers of the F.S.C. strain that (1) had been raised from 
weaning on a stock diet and bred on the same ration (Deuel et ah, *33), 
(2) raised from weaning on a stock diet but changed to a Slierman diet 
2 months before mating (I), and (3) rai.sed from weaning and bred on 
a Sherman diet for nine generations (II). At weaning the young were 
placed on rations A and B which were fed ad libitum. 

ho significant difference was observed at autop.sy in animals dying 
on lactose or beta-lactose rations reg’ardless of the previous diet of 
the parents. lYitli the exception of young born on a stock diet, how- 

“AVe ivish to express oiir sincere .ippreci.ition to Professor E. Hall, Department of 
Patliologv, I'niversity of Sontheni California Medical School, for lii.s help at .autopsy. 
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ever, a certain percentage f»l‘ rats placed on lactose or beta-lactose ra- 
tions survived 8 iveeks of feeding at which time the feeding’ was 
discontinued. Subsequent to the third w^eek a marked improvement 
occurred in those imts which did survive, the animals g’ained weight, 
new hair replaced the areas of alopecia, and diarrhea improved. 


TABLE a 

llic effect of matcn\(d diet on snrvivol after tnm.ff erring weaned rats to lactose or heta-laetose 

diets. 


PBKVIOTTS 
MATKItNAI# DIET 

NUMB EH 

i OF ' 

j ANIMAL.S 

PEueENTAnK ' 

‘ OP ANTMAUS 

PYTKO 

AVEEAOE 
i SITOVTVAL 

' M'lMK OP 

1 DECEDENTS ' 

1 PEnCENT.AOE 

j OP A NT MADS 

SURVIVING 

!j;u*tose tests (A) 





{^tock diet 

12 

100 

25.8 ± 0.7 

1 ^ 

henna 11 T 

10 

70 

J 7.1 ± 1.8 I 

30 

Sherman II 

10 

60 

24.7 ±: 0.9 j 

1 40 

T’eta-laetose tests (B) 




Stock diet 

12 

j 100 

21.9 ± 0.9 

0 

Sherman I 

10 

^ 80 i 

16.1 ± 2.2 

20 

Sherman II 

17 i 

47 i 

21.2 ±: 1.0 

^ 53 


^Including standard error of the mean ealenlated as follows: aJ-~~ / ' sj ^ where is the 

deviation from the mean and ^ ^ ii ’ ’ is the iinniber of observations. 


Failure of survival on lactose or lieta-laeto-se I’ations in rats born on 
a stock diet as compared with the control series appears to be signifi- 
eant, but the number of animals in each group is too small to permit a 
final statement on this matter. Of animals that failed to survive these 
rations no protective action on length of survival was noted that could 
bo attributed to the previous mateimal diet. 

Effect of diciortf siipplcmentfi on heta-lactose feediug 

The recent report by Boutwell et al. (’43, ’44), that butter fat is 
superior to corn oil in ]:)i-omoting growth of rats maintained on purified 
rations containing lactose as the sole carbohydrate, suggested a possible 
interrelationship between tbe beta-lactose syndrome and dietary fat. 
Accordingly, corn oil was omitted from the rafion and butter fat, oleo- 
margarine, and lard incoi’iiorated to the extent of 10% of the diet re- 
placing a similar quantity of beta-lactose. Oi-oups of four rats each of 
the Long-Evans strain were placed on the above diets at ■weaning and 
fed the ration ad libitum. Animals receiving the lard supplement sur- 
vived an average of 2.4 days, those receiving oleomargarine 3 days, 
and those on the butter fat supplement 3.2 days. Butter fat, oleo- 
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margarine and lard wei'e ineffective, at least at the level used, in pre- 
venting the beta-lactose syndrome in the Long-Evans rat. 

Incorporation of dried mammalian liver * to the extent of 10% of 
the ration failed to maintain life, but prolonged slightly the .survival 
on. the ration (7 ± 2 days). Similarly, dried tuna liver •’ increased the 
survival time somewhat more (11 ± 3 days). In contrast to animals on 
other supplements, rats receiving liver-containing rations gained "weight 
for the first 5 to 7 days on the ration paralleling the growth of animals 
on glucose- or sucrose-containing diets ; subsequent to this peiiod they 
lost weight and exhibited a typical beta-lactose response. 

Wheat germ oil,” cream, biotin,^ and brewer’s yeast were similarly 
ineffective. Length of survival on a ration containing wlieat germ oil 
(800 mg. daily) in place of corn oil averaged 3.2 days, on a cream supple- 
ment (800 mg. daily) 6 days, while the oral administration of 5 gg. of 
biotin per day failed to prolong survival beyond the fifth day. Incorpo- 
ration of brewer’s yeast to the extent of 10% of the ration with all 
crystalline vitamins omitted was equally ineffective. 

Attempts to rule out diarrhea as a contributory cause of death were 
unsuccessful. Citrus pectin * and apple powder * were incorporated into 
purified rations containing beta-lactose as the sole carbohydrate. Long- 
Evans rats in groups of five were placed at weaning on the above diets, 
containing pectin (5 and 10% ), and apple powder (10% ), and the rations 
fed ad libitum. Diarrhea was not controlled, and animals died as rapidly 
as did the unsupplemented controls. 

DISCUSSION 

Although there have been a number of reports in the literature where 
growth retardation, diarrhea, and cataract foimiation followed the ad- 
ministration of lactose (Whittier et ah, ’35 ; Mitchell and Dodge, ’35 ; 
Day, ’36; and Mitchell, ’36), this is the first report (with the possible 
exception of Nielsen and Black, ’44) where the administration of this 
disaccharide resulted fatally. In this study beta-lactose apparently 
possessed a more pronounced effect than lactose, a difference which 
was not noted by Mitchell and Dodge (’35). These discrepancies may 
in part be due to strain differences, the composition of the non-carbo- 

* Dried liver from Wilson Laboratories, Chicago, Illinois. 

® Kindly furnished by Dr. 8veii Lassen, Van Camp Bea Pood Company, Terminal Island, 
California* 

® Yiobin Corporation, Montieello, Illinois, 

■^Biotin eoneentrate no. 200, S.M.A. Corporation, Chagrin Palls, Ohio. 

** N. P. Pectin, California Pruit C rowers Exchange, Ontario, California. 

® Apelia Corporation, Solah, W’'asMugton. 



LACTOSE AND BETA-LACTOSE IN THE WET 


231 

hydrate portion of the diet, the previous dietary history of tlie parents 
or such enviromueiital conditions as temperature and humidity. 

Whetlier strain differences alone could account for the above dis- 
crepancies is problematical although there is considerable evidence to 
indicate that rats of different strains may i-espond differently to the 
same dietary.’*' Long-Evans rats on a beta-lactose ration developed acute 
diarrhea within 24 hours of the initial feeding; IT.S.t*. rats on the same 
ration remained free of diarrhea for at least 8 days. Long-Evans rats 
on a beta-lactose ration survived jm average of 4.9 days with 100% 
mortality; IJ.S.C. rats on the same ration survived 20 days with 28% 
showing spontaneous recovery and freedom from symptoms. Fifty 
per cent of the Long-Evans rats on a heta-lactose ration developed 
alopecia ; U.S.C. rats on the same diet developed this condition in only 
half this number. Similar discrepancies were observed in respect to 
lactose feeding. 

The pathologies observed on lactose and beta-lactose rations sug.- 
gested the possibility of alterations in the intestinal flora acting as a 
contributory factor in these conditions. It has long* been known that lac- 
tose feeding brings about changes in the pH of the contents of the whole 
intestinal tract below the duodenum (Hudson and Parr, ’24; Bobinson 
and Duncan, ’31) and favors the development of an acidopliilie floim 
(Rettger and Cheplin, ’23; Hudson and Pain-, ’24). Such changes have 
not been observed in diets containing glucose, sucrose, galactose or com 
starch in place of the lactose. Inasmuch as microorganisms present in 
the intestinal tract are known to produce biotin, folic acid, inositol, 
and other members of the vitamin B complex in addition to vitamin K, 
the possibility of altei*ations of the intestinal flora from the normally 
proteolytic to the acidophilic type precipitating nutritional deficiencies 
either through failure of intestinal synthesis or through increased utili- 
zation of factors already present is worthy of further eoiisideratiou. 
Boutwell et al, (’43) and Gyei' et al. (’43) have suggested essentially 
the same possibilities. An analysis of earlier diets utilizing lactose or 
beta-lactose as the sole dietary carbohydrate has revealed the fact that 
in almost every case natural sources of the vitamin B complex were 
employed iii addition to uiiextractecl casein and fats such as lard or 
Crisco. The possibility of nutritional factors being present in these 
materials in sufficient concentration to make good any dofieieney re- 
sulting from alterations in tlie intestinal flora has not been excluded. 

Experinipnts are now in progress? with the Spragiie^Dawley rat. Pr< 3 lhiiiiia,ry results mdieate 
tliat the development of diarrhea m this strain on diets A and B is similar in extent and time 
of a]3pearanee to that observed iu the XJ.B.O. strain. 
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The findings of Boutwell at al. Vi3, ’44) and Geyer et a,l. (’43) that 
butter fat and lard are supeidor to corn oil in promoting growth of rats 
receiving lactose as the sole carbohydrate would seem to indicate this 
very condition although Deuel et al. ( ’44) have noted no differences in 
nutritive values of butter fat and various vegetable fats when fed with 
skimmed milk powder. Cteyer et al. (’43) have noted that rats main- 
tained on a purified ration containing 48% lactose and 28% corn oil 
developed “rough and discolored fur coats, blood-stained noses and 
scaly paws (when the humidity was not abnormally high).” In their 
most recent report, Boutwell et al. ( ’44) have reported the occurrence 
of alopecia on a similar ration. Nielswi and Black ( ’44) employing diets 
containing 73% lactose and 5% corn oil reported kidney damage and 
many early deaths. 

That alterations of the inte.stinal flora are not the sole or even the 
predominant factors involved in precipitating the “beta-lactose syn- 
drome” might be indicated, however, by the failure of dietary supple- 
ments to modify the response to beta-lactose feeding in the Long-Evans 
rat. Butter fat, oleomargarine, lard, wheat germ oil, cream, biotin, 
and brewer’s yeast were all ineffective in promoting survival or pro- 
longing the appearance of symptoms. Of all the substances tested only 
liver gave some indication of a protective effect. Furthermore, the 
rapidity with which sjunptoms developed suggested that some factor 
other than altered intestinal synthesis is involved. Mitchell and co- 
workers (’39) have j)ointed out that the presence of the gluconate 
radical either as the sodium or calcium salt inhibits utilization of lac- 
tose by the rat. According to these worker’s the gluconate ion inhibited 
lactase activity in the intestinal tract resulting in definite toxic symp- 
toms, retarded growth, poor survival, moderate to severe diarrhea 
and lowered blood sugar. In the present study data on blood sugar 
and lactase activity of the intestinal tract are lacking, but further 
studies on the effects of substances either of dietary or intestinal origin 
inhibiting lactase activity might provide information on the mechanism 
involved in the beta-lactose syndrome. 

Variations m lactase activity might also be a factor in explaining- 
strain differences. There is evidence to indicate that the diarrhea re- 
sulting from inge.stion of lactose or beta-lactose is related to failure of 
enzymatic hydrolysis and the excess of lactose remaining as such in the 
alimentary tract. Failure of pectin and apple powder to counteract 
the diarrhea resulting from ingestion of beta-lactose rations would be 
consistent with tliis hypothesis. Inasmuch as the Long-Evans rat de- 
veloped acute diarrhea within 24 hours after ingesting a beta-lactose 
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ration, contrasting with 8 and 10 days necessary" for this condition to 
develop in the U.S.C. rat, differences in lactase activity of the two 1)reed.s 
might be expected. Further variations in lactase activity might be ex- 
pected in IT.S.C. rats exhibiting spontaneous recovery on a lactose or 
beta-lactose ration as contrasted with litter mates dying on the same 
diet. 

SUMMARY 

Male and female rats of the Long-EVans and IT.S.C, strains were 
placed at weaning on purified rations containing lactose, beta-lactose, 
glucose, galactose, sucrose and corn starch as the sole source of carbo- 
hydrate. The following observations were made : (1) rats failed to sur- 
vive on purified rations containing lactose or beta-lactose as the sole 
carbohydrate; (2) rats developed alopecia when fed the above lactose 
or beta-lactose rations; (3) a strain ditferenee was observed in the inci- 
dence and degree of alopecia as well as the length of survival of rats 
fed lactose or beta-lactose rations; (4) rats fed a beta-lactose ration 
died sooner and developed more severe alopecia than those fed a lactose 
diet; (5) length of survival was correlated wuth severity of diarrhea; 
and (6) a relationship was observed between degree of mortality and 
previous maternal diet. 
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Relatively few studies have been made on the vitamin content of 
developing eggs. Snomalainen ( ’39 a) fomid that the vitamin A con- 
tent decreased while vitamin C was synthesized (Snomalainen, ’39 b). 
Snell and Quarles ( ’41) followed the concentration of several of the 
vitamins of the B complex in hen eggs during incubation. They re- 
ported that nicotinic acid and inositol were synthesized, but the total 
amount of pantothenic acid, riboflavin and biotin remained essentially 
unchanged. Woolley (’42) reported that the total content of inositol 
in the hen egg does not increase during mcubation but the proportion of 
the total amount which is free and extractable by water does. 

Williams, Taylor and Cheldelin (’41) have observed the B vitamin 
content of rat and chick organs at several dift'erent ages. Marked dif- 
ferences were found in the thiamine content of the variou.s organs of 
the 15-day embryo when compared with those of the young chick. The 
present study was undertaken to determine the effect of incubation on 
the thiamine content of the egg. In order to do this, the entire content 
of the egg at various stages of development was analyzed. 

While this study was in progress, the work of Westenbrink and Van 
Leer (’41) became available in abstract foim. They approached the 
problem by studying separately the drop in the total thiamine in the 
yolk and the increase in thiamine content of the developing embryo. 
They concluded that a considerable part of the thiamine originally in 
the egg fails to appear in the embryo and is, therefore, apparently lost 
during development. 

In our assays of the total thiamine content of the egg we have found 
no significant change in either fertilized or sterile eggs during the 3 
weeks at 37-38° C. required for normal development. 

^ x\ided by a Beseareh Fellowship from Swift and Company, Chicago, lilinoxs. 
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EXPERIMENTAL 

The eggs from White Leghoini hens were siipplied by Roger ’s Farms, 
a commercial hatchery. The eggs were weighed and placed in a Waring 
Blendor. The weights of the empty shells with their shell membranes 
were also recorded. After blending, 40 gm. were suspended in 250 ml. 
to give a convenient dilution for our assay procedure. At first solutions 
were made acid to litmus and autoclaved for 15 minutes at 15 pounds 
(Schultz, Atkin and Frey, ’37). This resulted in some destruction of 
thiamine in the samples. Eventually it was found best to adjust the 
sample to pH 5.00 and autoclave for 10 minutes at 10 pounds. Samples 
thus prepared could he stored at 4°C. for several weeks without loss of 
thiamine activity. 

All assays were carried out by the modification of the macro fermenta- 
tion method of Schultz et al. (’42), as described by Scrimshaw and 
Stewart (’44). All values represent the average of at least two assay 
runs. AWien the agreement between these two runs was not satisfac- 
tory or when the values seemed to represent significant variations from 
the average, additional assays wore carried out. 

Four series of incubated eggs wore studied utilizing eggs laid in 3k[ay, 
1943, January, Feln-uary and April, 1944. Both sterile and fertile eggs 
were as.sayed in the first three series. Sample.s which were mixtures of 
four eggs were used throughout e.xcept for the study of the variation 
in individual uniucubalcd eggs in sei-ies I. In series T and TIT controls 
were also kept at room tempeiaiture. Series III also liad controls at 
')°C. Seiies IV was planned primarily to cheek the pi’evious findings 
on the thiamine content of fertile eggs during the last 5 days of imm- 
bation. 

The variation in thiamine content of fresh hen eggs is shown in table 
1. In series I the thiamine content of the whole egg varied fi'om 62 to 
93 gg./lOO gm. When this was calculated on the basis of the total 
tbiamine per egg, the variation was still from 35 to 56 gg. })er egg. Pre- 
sumably the tbiamine in the eggs varied more in the 1944 assays be- 
cause the four egg samples of series II and III show about the same 
variation as the one egg samples of the })revious spring. The average 
thiamine content was observed lo vary from one series to the next. The 
May, 1943, (series I) eggs were distinctly lower in tne tbiamine con- 
tent than ihoso of the April, 1944 (series IV), being 79 gg. '100 gm. as 
compared wuth 110 (table 2). 

The results of assays on developing eggs are recorded in table 2. Al- 
though considerable valuation was found within a series, no significant 
decrease iu the total thiamine content of the egg was apparent. In 
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series I, II, and III the 20- and 21-day values are lower than the 15- and 
18-day values. However, they are still within the range of variation seen 
in the unineubated samples. In series IV the 16- and 20-day values were 
checked by repeated assays on duplicate samples. The average values 
of 118 and 106 gg./lOO gm. of whole egg fail to indicate a significant 
decrease in the total thiamine content. 

TABLE 1 


Variation in thiamine content of fresh hen eggs. 


SAMPLE 

WT. EGG 

SER.TES I 

SINGIiB EGG SAMPLES 

SERIES II 

4 EGG SAMPLES 

SERIES Iir 

4 EGG .SAMI’LES 

MINUS xSlIELL 







Thiamine/100 
gm. egg 

Thiamine 
per egg 

Tliiamuie/lOO 
gm. egg 

Thiamine/ 100 
gm. egg 


mn. 


Uff- 

fiff. 

At.7. 

1 

7)2.7 

93 

56.0 

94 

81 

2 

50.0 

62 

3.5.2 

75 

84 

3 

55.0 

70 

44.1 

95 

70 

4 

45.3 

86 

45.2 

100 

88 


51.2 

77 

45,4 

76 

103 

6 

47.5 

89 

48.1 

88 

74 

7 

49.3 

85 

48,5 


85 

S 

52.2 

73 

43.8 

j 

86 

9 

49.0 

80 

45.4 


85 

10 1 

! 54.8 

77 

47.9 



Average ' 

' 50.7 

79 

> 45.9 

88 

84 


TABLE 2 


Thiamine content of fertile inciibated eggs. 


UAYvS IK- 
CUBATEiFi 

TT-riAMlKE CONTENT PER 3 00 GM, OF EGG 
(SAMPLES OF 4 EGGS) 

Series I 

Series 1 1 

Series Tir 

Series IV 



flff- 



fre.sh eggs 

79 

88 


110 

1 

78 


• • 


3 

71 



. . 

4 


S.5 



5 



SO 



94 

90 



9 

85 

63 



10 


, . 

90 ^ 

100 

12 I 

: 83 

108 


. . 

' 15 

69 

95 

; 104 


16 ! 



1 

118 

18 1 


00 

o 



20 : 

68 


76 

106 

21 i 


65 

t 
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Similarly, no significant cliauge could be detected iu sterile eggs 
which were kept in the incubator with the developing ones (table 3). 
Control eggs kept at room temperature and at 5°C, likevdse showed no 
decrease (table 3). The apparent increase in the thiamine content of 
the 20-day eggs in these cases is not significant. 


TABIAO :-! 

Tliianii/n’ ntrtirnf of non-flfvelopiiu/ 


TH fAMINK C'ONThN'T I’KIt 100 <}M. OF E(JO (SAMPKE8 OF 4 l-H'PfSl 


r»AY8 


'ORi:n 


Sierilp incnlKited 

lloojti t.pmupraturo 

j OoUl I'DIUP o'’ 


{^pries I III 

Rprip? TTT 

j siM-ipsiir 



iit/. 


: 

0 

: 79 

i 

8-1 

84 

o 

; 

! 

1 * ■ 


9 

I 

i 

1 

1 


32 

: 




3 5 

i 78 

J 92 

85 

i 78 

20 

i so 

100 

112 

i ion 


SrMMAKV AND CONC^A^SIOXS 

The total amount of thiamine in hen eggs assayed by the macro fer- 
mentation method does not change during incubation. This differs 
somewhat from the conclusion of Westenbrink and Yan Leer (’41) 
that thiamine disappears during incubation. The discrepancy probably 
lies in the fact that these workers assayed only the yolk and the embryo. 
Perhaps the thiamine content of the extra embryonic stnictures and 
fluids is sufficient to make up the difference reported by these workers. 

It was also found that the thiamine content does not change in sterile 
eggs kept at incubation temperatures for 3 weeks or in eggs kept for 
this period at room temperatures and at 5°C. 
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THE EFFECT OF THlAiMINE DEPLETION 
AX!) KESTODATIOX OF :Mr,S(T]LAH. EFFK’IENOV 

EXDl’EAXCE ' 


AXl) 


JAMKS W. ARCHDEACON ANJI .fOilN K. JIUHLUN 

'■)( {tnrl niftii <^f EriHhi}}t‘ic,s, (7 nivt'r.-iif ji of '!lo(‘!iOsli}\ /o»r//p,s/r r, Yorl.- 


TW'O FKJiniES 


(' lipccivofi for pulilivMtioii .ATny liLJ-M 

iSiiK-e llio early niontlis of 1!)41 this laboralury has been carrying 
<(11 exjJtM’iments upon hainan siilijocts (lesigiiecl to biiiyg out dietary 
factors which can iiitlneiice to a uieasurablo degree muscular efficiency 
or endiiranee or both. Tlie Krogh bicycle ergometer and the Benedict 
Universal respiration apparatus provided tlic means of measuring tlie 
work done and the energy metabolism. One misses from most of the 
recent ]mhlications on this subject precise data on either of these items. 

It was lielieved that tlie most favorable conditious for demonstrating 
alterations in ellieiency and endurance Avould include the tolloAviiig: 
(1) The load and rate of work sbonld be kept constant from day to 
day. (2) Likewise no dietary factor except the one under investiga- 
tion should be allowed to vary significantly. (3) The suhjeet should 
perfoi-ni the ideutieal work test time after time through, (a) a period 
of dejiletiou of the vitamin by stages to very low levels until deteriora- 
tion of performance became clearly evident. ’With intelligent and con- 
scientious sulijects one slionld not disregard subjective evideuee of this 
state of delicieney and once it was established by uumistakalile objec- 
tive (and su'bjecTive) signs it sliould not be prolonged but sliould merge 
into (b) a pei-iod of gradual i-estoratiou until no further improvement 
could be discerned. 

Any ideal series of experiments eould I'eadily bo marred by the se- 
lection of uncooperative subjia-ts or by an “edgy” relatioiishii) be- 
tw(‘en o})eratov and subject. The few men who figure most ])romi- 
neutly in this ]:)artierdar study were selected from ten or twelve young 
men who were tried. Being of the more intelligeiil and more eoopera- 

slndy was by a. g,Taiit. from tlio CVtalini'iital Bakin^^ Comjiaiiy of Xew 

York (Hty ami is takoii from *a thesis proHenled By W. A. in ])avtial fulfilhuoiit of ihe 
3'efjiiiv(»nioiits for the Dor-tovate of Bhiloaophy. 
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live typo of student, s tliey were jj,'tDnniio]y iiilei'esttid to loiirii flieiv OYt'u 
e;\p!K‘ilies asid to score a “perfect rm!” every day. They were also on 
tbe ])est of terms Avith tlie oiJorator (J. W. A.) who eiioourtiged thi'i'a 
Avith praise Avhen it was deserved imd made thorn feel they AAmre paid- 
iiers hi the inA’estigatioii. 

The early papers on the role of thiamhie in mu.scular Avork in man 
(.McCormiek, ’40; Gounelle, ’40; Morell, ’40; Kraut and Droese, ’41; 
Droesp, ’42 and others) fpiparently Avere optimistic to say the lea.st. 
When a factor proA^es to be indispensable, a natural but luicritical at- 
titude often is that .above the Iga'cI of mere snfiiciency one should llnd 
more and more superior perfornn'ince. Eecent results have dis].ielle<l 
this concept concerning’ thiamine in relation to muscular work. 

That thiamiiK' is important in i-elation to exercise is seen clearly 
in the folloAving' investigations. Restriction of tliiamiuo to 0.1 o gm. 
daiK for female patients in a state hospital, as reported by William.s, 
iNIason, Wilder and Ftmith (’40, ’42), produced after several months 
both physical and mental deterioration, the rate of ajiiieai'ance ;ind se- 
A'erity of AA'hich definitely Avere anguiented by pliy.sical exertion. Stan- 
dardized tests on a eliest exerciser were not borne .so Avell as on a normal 
diet. 

Fm'tlier evidence of sneb a relationship is found in the Avork of 
Egafia et al. ( ’42) avIio invi'stigated the etfects on seven healthy phy- 
sicians of a diet deficient in B-complex’ A’itamins hut adoEpiate in calor- 
ies and px’oteiiis for pei’iods up to 4 W'oeks. They icport moderate 
deterioration of physical fitness in exhaustive exercl.-^e and partlenlavly 
poor rocu]xeration hetAvoen repealed periods of such work. The dura- 
tion of an niehiJl run AAdiieh the subjects could tolerate Avas ahnormaliy 
.short in two of the three fitti'st subjects. At times the oxygen absorp- 
tion Avas found to increase slightly as deficiency progressed iind the 
authors uiferred from this that the mechanical efficiency Avas inspaired, 
Imtthe .authors did not center their attention on tliis ])hase of the Avoi-k 
and apparently did not ford that impaired efficiency in the teclmioal 
sense Avas domoiistrEited. Johnson et ;il. ( ’42) studied die eff’ects of 
the same order of B-com]}lex deficiency on ten men doing lioaA’y labor. 
Marked deterioration in physical fitness made its appearance in 6 days. 
BrGAAmr’s yeast ^ in 18-gra. do.ses daily compfietely relieA'ed all .symp- 
toms of deficiency and the physical deterioration Avithin a AA'cok. The 
authors bclicAm they definitely slioAved that thiamine aloiie of the B- 
complex' factors Avill not maintain full physical etficieucy. 

® Fleisclimaim no, 2019. 
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Of ii (.'(iii'CMAMil; tonof are llie axpc-riiiioniri (if Keys aiul Hcii- 

schcl ( ’-il, ’+-) wiio have iiuide extended ehsorvalioiis oii sakliers in 
wliieh ihe amount of work seems to have been adequately ineasui-ed 
but tlico'c is some doubt from their brief rtqjorts as published of the 
adequacy of measurement, of respiratory metabolism. Tlicdi- cou- 
clusiou is that licit tier in brief, extreme exercise uor in prolonged, 
severe exercise ami senu-starvation was there an indication of any ef- 
fects, ^a^■Ol•able or otherwise, of lai‘g'o daily supplements of tiiiamine 
chloride, ribotiaviii, nicotinic acid, iiyi'idoxino, [lantotheiiie aciil, and 
ascorbic acid on inuscxdav ahiiity, eudurance, resistance to fatig'ui', 
or recovery from exei'tion. In anotlu'r comimniicat ion Keys ot al. (’43) 
eouoinded tiiut no ijeiiefit of any kind was observed to be produced by 
intaices of more tiian 0.23 mg. of tinamine j)er 1000 cal. of tlie diet (0.7 
mg’, for liie average [xu’sen daily). Even at the lowest level, uuisesdar, 
neuro-mii.scnlar, eardio-\'ascular, psyelio-motor and metabolic func- 
tions were in no way limited. 

A third group of woi-kers, Foltz, Ivy aud Barbni-ka (’4-2) liave made 
observations both on the effects of administration of extra B-complex 
vitamins and on depleted states (Barborka et al. ’43). The first study 
demonstrated that inf ravenous injeeliou of B-comjilex vitamins did not 
influence recovery fi’om fatigue or increase muscular effeituicy in per- 
sons on adequate diets. Tlie st'coud rejiort showed that diids defeient 
in B-eom])lex vitamins decrease work output in trained subji'et.s; that 
early mild states of malnutrition with no objective evidence of deficiency 
disease do prevent maxinmni work efficiency, and that subj('ctiv<' syrn|)- 
toms of fatigue, irritability, lack of pep, anorexia and leg pains all dis- 
appeared and work output ndunu'd to normal or better within a few 
day.s tVdluwiug sup])lemeiitation of the diet with B-complex vitamins 
( yea st couceut rate) . 

KXPKinvn-lXT.lL 

Experiments on tiie orgometor and re.spiration appnratu.s weri;- eon- 
ducted boil) in the post-absorptive and the post-cibal states. Briefly, 
•eaclt day's experiment consisted: (1) in detenuining the resting energy 
metabolism of the subject for a lO-mimite period during which he sat 
without pedalling on the ergometei’: and (2) in tlet ermining the inetab- 
olism for a 15-minute period of work and recovery, the subject pro- 
ducing work at the rate of 45r)-kg’. meters per minute for 6 minutes of 
this period. This a]iportioumont of time between active work aud 
recovery from the oxygen debt was established after considerable study 
of the recovery of alveolar 00,, as well as pulse aud respiration rates. 
Bespiratory (juoiients were obtained and the ratio of work (in calories) 
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to energy expenditnve doe to \vt)rk was ealeiilated as iiot effieieney. If an 
endnranee experiment was to be done on tlie same day it nsually tol- 
lowetl iinnicdiatcdy aftei' the ninseniar eliieieney test. For the endur- 
ance test the subjects worked at I'ates varying between llbO- and 
1475-kg. meters per minute, until they became exhausted, Imt did 
not breatiie into the respiration app])aratus. That the subject really 
Avas exhausted Avas readily established once the subject’s characteristic 
jteidormance Avas knoAvn. 

!Re])eated cliecks Avere made of tlie Benedict UniA'ersul apparatus by 
combustion of alcohol in the system. Twenty such oxporinnnrts gave 
an average E. Q. for ethyl alcohol of O.fkib rt .04. 

The loAV Autamin diet used Avas selected especially for its Ioav content 
of tl-iiamine but, in all probability it was low in some of the other B- 
complex A'itamins as Avell. A sample day’s diet is given in talde 1. 
The total number of caloines Avas about 0000, and the percentages of 
I)votein, t'at, and carbohydrate were 12, 41, and 47, respectively. Ap- 
proximatcdy 75 mg. of ascoi’bic acid A\'ere added to the diet daily. 
The estimated quantity of thiamine Avas 0.27 mg.'* daily. A still loAver 
thiamine diet (no. 3) Avas obtained later Avhen the unenriched Avhite 
bread was ]-eplaced with soda crackers. Analysis placed the ioAnd 
at 3 to 7 |jg. per 100 gm. of the food, Avhich meant that the total day’s 
supply of thiamine in the modified diet Avas less than 0.15 mg. Also 
no butter fat Avas included in the modified diet and tliis resulted in an 
ijiereased carbohydrate percentage. 

One hundred and eighty gm. of a peeled-Avhoat bread, from flour 
produced hy the dotation process c»f 'Earle (Arurliu, Afai’shall and 
Koehakian, ’41), Avere substituted first for the unenriched Avhito bread 
in diet no. 2 whcm it Avas desired to add B-complex vitamins to the diet 
in a natural product. This bread contains a greater quantity of tlie 
Autamins than the usual “aa’IioIc Avheat” bread made from Hour cou- 
taiiiiug less of the whole grain (Sealock and Livermore, '431. vSnhse- 
(|uently the peelod-Avheat bread A\-as doubled in (piantity, and, during 
this period, the carbohydrate calories from otlier foods in the diet 
were decreased to compensate for tlie carbohydrate calories added hy 
the extra 180 gm. of the peelod-AA'heat bread. The quantity of thiamine 
added hy the substitution of the 180 gm. of the peeled- Avheat bread 
Avas ahonl 0.55 mg. daily, or 1.0 mg. from 360 gm. of tlie bread. 

* All <u-'tt‘nuhiatioBR oi' tlilaiinubi were made by ‘X. S. ScrinifiilunY using tho fenueiitatioii 
niothod of ftt'liultz, Atkin and Frey P42) as niodified by Rcnnislifnv and Browart f’44). 

^Tldft bread, known to the trade as ''Staff/' was siipidied by the Cimtineiital ?,akiiig Cbni- 
Xh'tny oi: Tbndiestcr, .N. Y. 
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20.58 

5506 

r 40" 

4/26 

.83 

.91 

.95 

2I5/25S 

1150/1338 

21.38 

5290 

4' 29" 

4/27 

.88 

.94 

.97 

232/241 

3203/1265 

2(053 

5;!30 

4' 31" 

4/28 

.85 

.91 

.95 

223/260 

3349/3232 

23 .57 

5564 

4' 43" 

4/29 

.82 

.96 

3.06 

210/2.55 

1177/1230 

22.05 

5605 

4' 45" 

4/ao 

.73 

,91 

3.03 

390/262 

3193/1238 

20.S3 

5762 

4^ 53" 

5/1 

.69 

.89 

1.01 

181/261 

1211/1277 

20.20 



5/2 

77 

.84 

.90 

230/274 

1078/1244 

23.65 

5999 

5^ 5" 

5/a 

.78 

.88 

.94 

207/265 

1147/'! 261 

20.38 

5447 

4, 

5/4 

.75 

.89 

.98 

186/246 

1199/1281 

20.45 

.1564 

4' 43" 

5/5 

.87 

.90 

.92 

107/225 

1195/1312 

19.09 

5447 

4' 37" 

5/6 

.83 

.92 

.98 

192/231 

1190/1254 

20.30 

53S9 

4' 34" 

5/7 

.72 

.90 

1.01 

174/242 

1202/1258 

20.73 

5353 

4" 22" 

5/8 

.85 

,91 

.94 

233/249 

1161/1200 

20.84 

5132 

4' 23" 

5/9 

.87 

.92 

.92 

234/245 

1133/1211 

21.46 

4730 

4' 1" 

5/3 0 

.82 

.95 

1.03 

209/254 

1267/1286 

19.99 

4642 

3' 56" 

5/11 

.68 

.02 

1.04 

1.55/228 

1296/1323 

19.49 

4190 

3' 33" 

5/13 

.73 

.94 

1.09 

200/273 

126.5/1254 

20.73 

4246 

3' 36" 

5/15 

.87 

.95 

1.02 

215/247 

1347/1289 

21.28 

3942 

3' ^^2" 

Average .81 

.92 

.98 

205/253 

1194/1259 

20.82 




Eeplaeement of niienrielied viiite bread with xieeled wheat bread 

(180 gm.l 


5/16 

.87 

.87 

.88 

205/235 

1141/1304 - 

20.29 

4007 

3' 26" 

5/17 

.80 

.82 

.83 

199/248 

1003/1289 

20.73 

4284 

/ 37^^ 

5/19 

.84 

.1)3 

.99 

213/255 

1150/1218 

21.50 

4223 

O' 32" 

5/20 

.81 

.90 

.95 

201/249 

1164/1269 

20.44 

4187 

•:p go" 

5/21 

.78 

.95 

1.06 

199/256 

1228/1227 

21.01 

4781 

r 4" 

5/22 

,82 

.93 

1.00 

201/244 

1233/1277 

20.32 

5846 

4^ 31" 

5/23 

.79 

.98 

1.1] 

193/246 

1281/12.30 

20.66 

5281 

4' 25" 

5/24 

.72 

.89 

1.03 

207/289 

1168/1223 

22.05 

4804 

r 4" 

Average .80 

,91 

.98 

202/253 

1179/1255 

20.8S 






Peeled wheat bi’ead 

doubled (360 gm.) 



5/25 

.83 

.93 

1.00 

214/259 

1218/1261 

20.81 

4907 

4' 8" 

5/26 

.84 • 

.92 

.96 

218/258 

1353/3218 

21.50 

5540 

4' .43" 

5/27 

.88 

.94 

.97 

208/236 

1146/1201 

21.42 

6246 

5' 13" 

5/28 

.94 

.95 

.95 

217/230 

1224/1289 

20.16 

6521 

5' 36" 

5/31 

.73 

.87 

.95 

177/243 

1175/1292 

19.73 

7088 

5' 55" 

6/1 

1.03 

.95 

.91 

237/230 

1132/1218 

20.90 

8566 

7' 9" 

Average .88 

.93 

.96 

212/243 

1175/1247 

20.75 




^ All runs were made by this subject hi the post-abvsorptive state. 
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Exporimeiits were eoudueted with subject L. H.j while on the low- 
Ihiamine diet no. 2, for a ]peiiod of 28 consecutive da^'^s and 2 days at 
1-day intervals (table 2 and fig. 1). At the end of this period the ISO 
gin. of peeled-wheat bread were substituted for the unenriched white 
bread in the diet and experiments were continued for 9 days. When 
the quantity of peeled-wheat bread was doubled, the experiments were 
continued for 8 days more. Corresponding periods for subject 0. B. 



Days 

A® Lsw Thiamin© B* 180 6mms Peeled C=360 Grams Peeled 
Diet Wheat Bread. Wheat Bread 


Figure 1 


lasted 26, 8, and 7 days, respectively. Subsequent modifications in the 
study with C. B. consisted in the addition to the diet of tliiamiue hy- 
drochloride, pyridoxine hydrochloride, and riboflavin for short periods 
(fig. 2). During the periods wlien the synthetic vitamins were added 
there were already 360 gm. of peeled-wheat bread daily in the diet. 
Experiments with L. H. were conducted in the post-absorptive state 
only, while those with 0. B. were conducted in both the post-absorptive 
and the post-cibal states. 

Subsequent studies were made when, for a period of 12 days, L. H. 
and 0. B. went on the low thiamine diet no. 3 modified by the replace- 
ment of the uhenriehecl white bread with soda crackers. Peeled-wheat 
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bread in the amount of 360 gm. was substituted for the soda craekcu-s, 
and this resulted in a further increased -earbobydrate content of tlie 
diet, as well as the addition of the B-coinplex vitamins. L. H. remained 
on this regime for 10 days and 0. B. for 6 days. Later modifications in 
the diet of L. H. consisted in the addition of thiamine hydi’oeldoride 
and a high vitamin yeast concentrate " foi- short periochs. Finally 360 
gm. of a high-vitamin yeast " bread, made from 2091 soybean flour were 
siibstituted for the soda crackers for a short period. Efficiency meas- 
urements were conducted with both subjects in tlie post-cibal .state. 
A third subject, J. S., was placed for 8 days on the low thiamine diet no. 
3 used in these later exqx'rimenl.s. Subsequently thiamine hydrochloride, 
riboflavin, and pyvidoxine hydrochloride se]:>arately were added to liis 
diet for short periods, and measurements, including' endurance ex- 
periments, were made. 


UKSCLTH 

The muscular efficiency and endurance data, obtained in the first 
study with L. LI., are given in full in table 2. It is evident from the table 
that efiiciency and endurance increased — the former rather steeply 
but not smoothly for 7 days and the latter steadily diu'ing a period 
of IP days (training effect) in si)ile of the deficiency: hut from this 
point to the end of the low thiamine diet period, there was an eipially 
steady decrease in the latter criterion of performance with no change 
in the former. The average net efficiency was 20.8251. The average 
not efficiency for the pci'iod when the 180 gm. of the unenriched white 
bread were re])lacod by the 180 gm. of the j)eeled-wheat bread was 
20.885?, while (‘udurance improved more than 23/L in work and 1 min- 
ute in time. The averag(' efficiency for the ]3eriod when the quantity 
of pcelod-wheat l)i'cad was doubled was 20.7557, Imt the endurance 
rnoi'c than doubled OA-er the deficiency jAcriod Ijotb in work and time. 
Thus the net efficiency, as mc;asured during these post-absorptive ex- 
periments, remained practically the same, except for tlu* first few 
days, dnringtlie entii'e 49 days, AvliUe endurance greatly improved after 
restoration of some factor or factors supplied by the peoled-wheat 
bread. 

The same result.s were obtained in the post-absorptive experiments 
with C. B. as in those with L. H. : there Avas no increase in efficiency 
as a result of adding the B-coinplex Autumins in the form of tJio peeled- 
wlieat bread. The average net efficiency for the Ioaa' thiamine diet 

.Pieiselnnanii ^s, 

*Bce Mur]in, Marsliall mid Kochrikiau, )>. 579, for ti doscription of this yeast. 
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was 19.79^;, tlio average for tlir? period with IrtO giii. of tlie peelod- 
wlieat bread sabslitutod for t)ie luiemieJied white bread was 19.12%, and 
tile average Avitb 360 gin. peeied-wbeat was 19.20% . Tlie inclnsion, in 
The diet of thiamine Iiydroelilovide, pyvidoxiue iiydroohloride, or ribo- 
flavin did not iiieroa.se the effieioney in the post-ahsoriitivo state. En- 
durance, liowever, iniiiroved for the first 10 days (training (d'foct) 

I hen declined, to a point nuidi below the .starting level, to ilie end of de- 
ficiency (fig. 2). Peeled-wheat bread i-aised it only for tlie fir.st 3 days 
Avhen fed at lb(> lower level, and not so nmch as with L. H. at the higher 



A® Low Thiamine Dial C = 360 Grams Peeled E=l0to20MG. 

B® 180 Grams Peeled WheatBread Pyridojtioe 

Wheat Bread D® 10 MG. Thiamine F® !0M6. Ribofla.'/in 


level. Addition of 10 nig. tliiamine, however, raised endurance to a 
point equal relatively to that readied by L. 11. on 360 gm. of the bread 
— a result indicating dearly that B. did not obtain the full benefit of 
tile bread, or tliat his requirement for thiamine was lunch higher than 
that of L. IT. 

TJie average net efficiency of (,’. B. for the post-cibal, Imv thiamine 
experiniont.s was 20.10%> which Avas only a slight increase oA'cr that of 
the ])ost-absorptive experiments. On 180 gin. of the peeled- AAdieat 
bread it Avas 21.27%, a rolatme increase of 5.5 %■; and Aidien the peeled- 
wheat bread Avas doubled it Avas 20.95%, an increase of 4.2%. The ad- 
dition of the synthetic Autamins resulted in no .sigiiilieant increases oA’^er 
the period Avhen 180 gra. of the bread Avere ingi'sted. 
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Tlie post-cibal net efficiencies of C. B. are arranged in table 3 as “ low ” 
tliiamine” values and “peeled-wbeat-bread’’ values. Tlie latter in- 
clude all those post-cibal experiments in wMcli either ISO or 360 gin. 
of the peeled-wheat bread were incorporated in the diet. The dif- 
lerence between the uvei'ages is statistically siguiticunt, and it appears 
that whole wheat broad contributes some factor atfccting efficiency. 
That .the increase was not due to the post-cibal state per se is indi- 
cated by the fact that the average net efficiency of the post-cibal ex- 
periuients on the low ihianrine diet was only slightly increased above 
the average efficiency of the iiost-absorptivo expeiiments on the same 
diet. That the increase in efficiency ivas not dno to the e.xtra carbohy- 
drate may lie concluded, because carbohyd)‘ate foods Averc reduced iu the 
diet to compousate for the extra starcli contributed by iho 860 gm. of 
pwded-Avheat liread. 

As the increase in efficiency with B. was of small magnitude, ad- 
ditional confirmatory experiments ivere conducted 6 months later Avheii 
0. B. and L. II. were placed on the diet lowest in thiamine containing 
not more than 0.35 mg. daily. Experiments were conducted iu the post- 
cibal (p. c.) as well as the post-absorptive state. Nearly all of the 
fonnev Avore he, gun 3 hour after iuncfli. The average p. c. efficiency of 
L. IL on this diet Avas 21.05% (7 days). ‘When 360 gm. of peolcd-Avhoat 
bread (6 days), a yeast eoncentrato (1 day), and a high-Adtamin yemst 
bread made Avitli 20ft soybean flour (2 days) Avero added separatoly 
to the diet, the. aA^erage p. e. efficiency Avas 21.44%. Tlie difference is uol 
statistically Hi,girificaut. The average percentage p. c. net efficiency 
duriiyg the pei'iod of tliiamine administration Avas 20.92/t, practically 
tlio same as after loAvest thiamine. Tlio average p. c. efficiency of 

B., AAdicTi the peeled-Avheat bread was added to the diet, was 21.30%, 
in contrast Avith 19.68^1 on the Ioav thiamine diet. This difference has 
statistical significance (p A'alue 0.01 ) as in the former experiments AA-ith 
the same subject (table 3), Avhen the p valne Avas 0.03, 

The average respiratory quotients of L. 11. and C. B. during the 
thiamine and B-complex study are given in table 4. That carbo- 
]i.A'd)*ate oxidation Avas not decreased during the 32 days of the defieiener 
is evident from the excess respiratory quotients. A marked differenee 
AAms apparent in the character of the metabolism during muscnlar AAmrk 
of tlie two subjects. The excess quotients of L. H. indicated almost pure 
carbohydrate comlmstion, Avhile those of (1. B. (average — 0.89) indi- 
cated that fat or protein contributed to the energy of Avork. 

Some of tlio subjective symptoms noted by C. B. and L. IT., AAfiiile 
on the low thiamine diet, Avere fatigue, anorexia, slight diarrhea, in- 
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ability to concentrate well, and abdominal “fullness.” These sjTnptoms 
were observed first in about 10 days to 2 weeks of the deficiency. They 
progressed in intensity and at the end of the deficiency loeriod nausea 
occurred in both subjects during the endurance rides. When 180 gin. 
of the peeled-Avbeat bread were added to the diet L. H. felt better but 


TABLE S 


Fost-cihal lurcvniage. net efficiencies of C,B. 


“low thiamine” 

“PEKLED-W UEAT EUKAD" 


19.40 

•12.19 


21.87 

21.11 


10.81 

20.61 


22.28 

21,16 


20.8(1 

20.04 


19.91 

21.85 


20.13 

20.15 


19.75 

22.46 


19.70 

20.13 


20.56 

20.99 


19.54 

20.04 


1S.67 

21.41 


19.29 



Average 20.10 ±: 1.00 

21 .01 ± 0.85 


Xole — Fisher's p value of differenee -- .02. 



TABLE 

4 


Areraffc respirntor)/ qnotienf^^ of L.E. end C.B. 


It.BRT 
R. Q. 

WORK A-ND 
RlinOVEEY R. Q. 

EXCESS 

R. Q. 

PERIOD 

L.H. 

O.B. L.H. C^.B. 

L.H. O.B. 

1. r.ow thiarame diet no. 2 



(0.27 mg. thiamine daily) .81 

.82 .92 .88 

.98 .89 

2. Substitution of 180 gm, of 



peeled'Whoat bread (0.55 mg. 
thiamine extra) .80 

.79 .91 .85 

.98 .89 

3. 360 gm. of peeled-wheat bread 



(1.10 nig. thiamine extra) .88 

.87 .03 .86 

.96 .87 


0. B. did not. When 300 g-m. of the bread were added both men felt 
decidedly better, and their mental attitudes improved. 

The third subject J. S., rather corimlent in build but very willing 
and copperative in temperament, participated in this study but bis 
efficiency and endurance proved to, be so low that only a short series 
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i>f expci'iuieiits wore run with liim. iS'oitlier 10 lug. tluainiiio oliloride 
nor 10 ing- riboHavin Jior 25 mg', pyridoxiuo a<ldod as pure substances to 
the low tbianiino diet raised his pert'ornunice in any respect, pi'obably 
because the <;arlier depletion period was not long enough. 

SUMMAltV AND CJ0XC(,CS10NS 

1. lluseular endurance was greatly decreased on a diet which was 
low in the il-eoniplex vitamins {thiamine 0.27 mg. daily). Tb.e effeet 
was observed lirst in about 10 days to 2 weeks ol‘ the detieieiicy. When 
B-eomplex vitamins were added to the diet in the 1‘orin ot' a natural 
source, such as a 08/1 whole wheat bread in amounts containing 0.55 
and 1.10 mg. thiamine, the muscular endurance was increased signift- 
cantly. 

2. The inclusion of thiamine hydrochloride in pure lorin in a low 
B-complex diet resulted in marked improvement in cnduranci- ability. 
Pyridoxiue (in one experiment) had a similar elTect, but ri])otlavin 
had none. 

3. The ineiusion ot‘ B-complex vitamins in a diet already adequate 
in these vitamins did not result in increased muscular endurance. 

4. The muscular efficiency in the post-absorptive state remained 
the same for moderate work, even though the body was low in the B- 
complex vitamins, particularly thiamine, for a period of at least a 
month. The addition of B-complex vitamins, including thiamine, in 
such amounts that the daily requirements were met, did not increase 
tlie muscidar efficiency in the i3ost-al)sorptive state. 

5. A small signitieant increase in muscular efficiency f<n‘ moderate 
work was obtained with one subject in two different studies, when the 
B-eom])lex vitamins were supplied to the diet by tlie peelod-wheai 
bread, and the experiments wert> eoiiduetod in the post-eibal state. A 
small increase, AV’liieb was nol siguiiieant, was obtained with anothei- 
subject W'ben a shorter series of ex])eriments were eouducted in the 
post-cibal state. It is concluded that any increase in efficiojicy which oc- 
curs with administration of the B-eom]:)1ex vitamins, on low B-conqjlex 
diets of at least a month’s duration, is in the post-cibal and not the 
post-absoi’ptive state. This suggests that tlie entrance into the cir- 
culation and access to the muscles simultaneously of fuel and vitamins 
which promote release of onergj’- are important. The administration 
of thiamine alone did nol result in any increase in efficiency in the post- 
cibal state. 

fi. Carbohydrate oxidation, as a source of energy for moderate 
muscular work, was not decreased during a period of low B-complex 
intake for a period at least as long as a month. 
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7. Tlu' siilrjcctivo syiiiploins of iinlividiKils on tlio diot^ selected 
espeeially foi* its low tluaniiiio eoriteiif, and tliei]* im}u‘ovem(?Bt when 
13 -co 3 ii])leN vitauiius were added to the diet m the peelod-wheat broad, 
liave been noted as similar to those described by Williams, Wilde j' and 
associates ('40, ’42)- We conlinn 'Jolmso]i and associates (’42) in find- 
ing’ that the B-coinplex vitamins, given in tliese experiments as }.)0(d(^d- 
wh.eai bread, may iinprove efficiency and encliiranee wh(‘reas tluamhn.^ 
improves endnrance only. 
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yiiice a significant number of persons are eating daily one or more 
meals wliieh have been prepared in large quantity, it is desirable to 
know the extent to which the nutritive value of food may be affected 
by the processes involved in institutional cooking'. Accordingly, a 
study was undertaken to determine the losses of certain nutrients in 
foods prepared in large quantity. 

The foods were obtained at the College dining hall wliich, at the be- 
ginning of the st\idy, .served three meals a day to approximately 500 
college students. Six months later the students were replaced by 750 
Army Air Corps students, the food service.s being* taken over by the 
Army. The change in management did not necessitate a change in either 
personnel, equipment, techniques of cookery, or types of food served; 
tlierefore it was possible for the study to continue without interruption. 

Inasmuch as the white potato forms a substantial part of the diet 
of many persons in the United States, it was one of the first vegetables 
.studied. This paper reports data obtained on the thiamine content of 
the potato at different steps in preparation for serving. 

EXPERIMENTAL 

The potatoes studied were of the Green Mountain variety, grown in 
the Connecticnt Eiver Valley. The analyses were begun in October, 
1942, and carried on tbronghont the winter months, ending in May, 

1943! 

Preparation of the potatoes. The potatoes for both the noon and 
evening meal were peeled between 9 and 10 o’clock in the forenoon, 
approximately 500 lbs. being prepared each day. An electric abrasive 
peeler was u.secl. The potatoes which were served for the noon meal 

^Contribution no, ,'15 of tbe Massachusetts Agricultural Ex]>crimout Station. 
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AVtTc AViislit'd and cooked inmiediately, wlieroaH lliose used for file 
evening meal Avero i.)laced in a val and soaked for approxiniately (! 
iionrs in tap Avater, AA'liicli Avas sloAvly rnuuing into and out of the A’at. 
Upon rt'inoval from llie water the potatoes Avere placed in perforated 
niotal trays in a steam-oven and subjected to steam at a temperatnre 
of approximately 225"p\ for 1 hour. During tliis cooking process Avhat- 
('vor steam Avas condensed was automatically removed from the bottom 
of the .stA^am-eabinet and discarded. 

If the potatoes Avere to bi‘ mashed they Avere mashetl immediately 
by Avhiy)ping' in an electric mixer. Fat, salt, pey)per, and milk in tin.' 
ratio of 5 lbs. to 50 lbs. of potatoes Avere added during tlie AA'hipping. 
The entire mashing process took about 5 miimtes. 

During the inteiwal hetAveeu the completion of tlie cooking and the 
serving, the potatoes, eitlnu- Avhole or mashed, Avere placed in trays in 
a steam AA'anniug-oven at a temperature of 157“F. The time of holding 
ranged from 50 to 120 miuntes. 

Saw-pliuff. Samples of the potatoes for analysis Avere taken at tlie 
folloAving steps in preparation: (1) pared, (2) soaked (5 hours in taj) 
Avater, (51) steamed, (4) mashed, (5) steamed and lield foi' If- hours 
at 157'^P. and (0) mashed and held for TJ- hours at 157°F. For 
the analysis of the Avhole potato, either in the ruAA^ or steamed 
condition, AvedgC'Shaped slices about i inch thick at the periphery 
Avere cut from the bud-end to the stem-end of the potato in order 
to obtain a representative sample from each tuber. For each sample 
slices Avei-e taken from 20 lo 25 potatoes. These slices Acere cut in small 
pieces and aliquots taken for analysis. The maslied potatoes Avere 
sampled inmiediatcdy u]‘)Ou llie cessation of moA'cment of the heater, 
small samph's h(‘iiig romo.A'ed from A’ai’ions areas miti! (500 to 700 gm. 
had been obtained. 

All the sampling Acas done at the moss hall and the samples brougliT 
immediately to the laboratory AAdiei’e the analyses Avei-e carried out, tlie 
distance betAveen tlie tAVO buildings being about 300 feet. A ]n,*riod of 
ayiproximatoly 15 minutes elapsed before tbe samples for thiamine 
determinations Avero placed in tbe extracting fluid. The Aveighiugs for 
the moisture determinations Avere made at the same time. 

T Ilia III ill f" (Jetcniiiiiafiaii. In tbe determination for thiamine tbe Heii- 
nessy and Cierecedo ( ’39) method as modified by IMoyor and Tressler 
(’42) AA'as used. For each sample 45 gm. of potatoes Avere taken 
and finely dmcled in a Waring Blendor Avitb approximately 100 ml. 
of O.IN TT,,S 04 . The mixture was transferred to a 500 ml. 'fiask and 
diluted with enough O.IX H,.SO, to bring tbe Amlume to 350-400 ml.: 
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it was tJien lioatud on a stoain batli for i .hour and later cooled to below 
50° C. Tweiity-tive niilliineters of 2.5^1 sodium acetate, containing 0.6 
gm. of clarase and O.d gm. of papain Avere then added, and the sample 
was incubated at 47 for 15 hours. After incubation, the samples 
were cooled, made to volume, and filtered. The base exchange and oxi- 
dation procedures umrc carried out in the usual manner, 

MoisPure. iloisture determinations wei-o made on ah samples in an 
electric oven set at 80°0. Computation of the losses in thiamine 
values were based on the dry weight of the potatoes. 

UESULTS 

Effect oj soakhifi. The eifcct of soaking potatoes in nmuing, cold 
water was studied in 9 lots of potatoes (see table 1). For tbe ra\v 
pared potatoes tlie tbiamine content averaged 84 pg. per 100 gm. ; 
whereas, following tlie soaking period it averaged 79 pg., indicating 
an average loss of That this loss Avas not due to chance alone, 
is seen in the statistical eAmluation of the data (Student, ’25), odds of 
137 to 1 being obtained. 


TABl.E 1 


Effect of proJonfjfd in water on iltiamhie eonfent of potatoef}. 


TiOa* 

KO. 


K.-Ur, PARED 


RAW, PARED. ffOAKEI) 

CTIANUE 

IN 

TH-IAMP-sK 

CONTENT 

Moisture 

Tliianiiiie cotitent 

Moisture 

Thinmiue ecu tent 

As exam. 

Dry wt. 

As exam. 

r> ry wt. 





fim. 

j jt/f/./ZOO f/iU. 


Aff./ZOrt }7in. 

p-u./im /zm. 


1 

81.7 

85 

46 1 

81.5 

78 

4*>D 

— 0.0 

2 

82.0 

82 

455 

81.3 

77 

112 

— 0.4 

3 

81.4 

80 

; 430 

80.8 

SO 

1 417 

; — 3.0 

4 

82.1 

S7 

; 486 

82.0 

80 

1 478 

1 --..l.G 

5 

1 84.2 

(30 

1 3 / 

82.7 

(30 

1 390 

~ 8.7 

6 

1 82.4 

90 

: 51 1 

' 84.3 

78 

i 404 

3.3 

12 

80.0 

1 81 

105 

: Sl.O 

77 

j 405 

0.0 

33 

81.0 

i 83 

, 441 

80.7 

80 

i 443 

i 4- 0.4 

14 

83.5 

1 90 

; 583 : 

: 84.0 

; 83 

I 

i 5IS 

1 ^ n.i 

Are. 

S2,0 

1 

1 84 

408 

82.0 

! 

i 79 

1 '443 , 

i -^0.1 


Effect of steam cooJdufi. The effect of steam cooking was studied 
in 6 lots of potatoes (see table 2). Tbe thiamine content averaged 99 
pg. per 100 gm., this value being somewhat higher than the value of 
84 pg. found for the 9 lots of potatoes on which the effect of soaking was 
studied. FolloAAing cooking, the tbiamine content had decreased in 
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oacJi of ihu six jiistaHces to a moan value of 89 [ig. per 100 gin., the 
losses avoragmg 

Ejj'cii of manhing. The eJi’ect of snbsecpieiit mashing on the thiamine 
content of the steam-cooked potato was studied in only 8 lots of [lotatoes ; 
i. 0 ., lots 8, 9, and 10. However, 5 other lots of potatoes (nos. .1 Uirough 
7) were analyzed for thiamine in both the raw and the mashed condi- 
tion. The ditrerences between the values for tin' 8 lots of the raw 
and the maslied potatoes represented losses which averag'ed 16.7 ‘a. 
This loss is sligiitly greater than the loss dno to steanung alone. How- 
ever, practically all of this difference may be accounted for l\v the di- 
lution ill thiamine Avhieh resulted from the addition to the potatoes 
of milk of lower thiamine content (85 ng- per 100 ml.) 

Effect of holding in a sieaiu-oven. The influence of hohling the po- 
tatoes, either whole or maslied, at a temperature of 157 'F. for 11 
hours is also shown in table 2. Tlie losses in the thiamine content of 
the whole potato averaged 8.3% whereas those for the mashed potato 
averaged C.-l% . 


DISOUSSION 

The mean value for the losses in thiamine in whole jiotatoi's cooked 
and .served under iiistitutioiia] coiulitions exclusive* of losses during 
soaking was 20.5%, whereas that for tlie ma.shed potatoes was 21.7%, 
a difference which is not significant. The major loss accompanied the 
cooking of the potato. Additional losses were incurred duriug the pre- 
liminary soaking of the potato and dmlng holding of the potato in the 
steam-oven until serving time la hours later, the latter loss being 
approximately the same whether the potatoes wore whole or mashed. 
Tt i.s iirobahle that the mashing process was -without effect on the 
vitamin. 

The literature is not replele with paiievs dealing with the destruction 
of thiamine in jiotatoos during cooking processe.s. Only two siudies 
have been found dealing with foods prepared on an institutional basis. 
ATigel and Harris (’43) determiuecl the losses of thiamine in foods 
cooked in quantities sufficient to serve 600 persons at each meal. They 
ro])orted a 5% loss in the thiamine content of the yjotato during cooking 
alone and a 29% loss due to the entire cooking process and subsequent 
holding on a steam-table for approximately 3 bour.s. Heller et al. (’43) 
on analyzing the tliiamiue in potatoes served in one of the cafeterias 
at the Brooklyn Havy Yard found a lo.ss of only 2 to 7% . In contrast 
to those studies are four studios on potatoes prepared for serving un- 
der laboratory or home conditions. Thus Wiegand (’38) found los.ses 
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of tliiaiiiiiie due to I'Koking I'aiigiug fi'oiu 15 to Ta'/c aui!, a\ei'agiijg’ 
Augliey and iJaiiiel (’4i)) repoHed ;! KJ'c U):-> in baked, potatoes^ 
aii(i a 20'.fi loss hi boiJed itolatoes from wliicU tbo cooking water had not 
been disean led. In boiled potatoes from wlricli t!ie cooking vraler liail 
been discariled, Jatne et ai. ( ’42) observed a. Joss in Ihianthi!* approxi- 
niaruig' .‘>6/V'. In the imdaiive reimi't of the k oorl and Autriiioii Boai'd 
(’46) tlm I'alvieis for losses in tiiiamino are given as ranging from 10 
to ou9c ill boiled potatoes, 16 to 65% in bailed potatoes and 10 to 5o''/c 
for all methods comlnned. 

I’be raw potatoes used in Ibis study contained tiriamine within the 
range of values reported by othei’ investigators. Tims, Lane et ai. 
(’42) found 84 gg. pci' 100 gm. whereas Heller et al. (’43) reported 
I'aines for tivo samples ranging fi'om 53 to 90 gg. \Megaiid’s data (’38) 
for live varieties gi\n\'U in Holland indicate a range of rudnes from 
48 to 110 Mg. })er KM) gm. Anghey and Danici ( bW)) r(‘j)ort, for two differ- 
ent samples of the Irish Cobbler variefy, values of 13.5 mid 150 ag., per 
100 gm., respectively. Booher et al. (’39) found newly harvested pota- 
toes of the hitter variety to eontain as much as 1S6 Mg'- P<?i‘ 100 gni. 
whereas old jiotatoes contained 147. In Nagel and Harris’ (’43) study a 
value of 188 Mg- per 100 gm. was reported. On the basis of data ob- 
tained by the Bureau of Horae Eecmoinics, the Food and Nutrition 
Board of the National Eoseareli Council (’43) has assigned to the edible 
portion of the Avhite potato an average thiamine content of 90 M.g- per 
100 gm., a value almost identical with tha.t observed in this study, i. e., 
89 Mg- for the fourteen lots of potatoes. 

Obviously the potato does not rank with jiork xiroducts, giandnlar 
meats, whole cereal grains, or legumes as a source of thiamine. Be- 
cause of its liigh calorie content it wonld be rated by the Council on 
Foods ( ’39) as only a fair source of the vitamin. This rating hov.mvev 
scarcely gives adequate credit to a food which comprises such a large 
proportion of the daily food as does the potato. The qnantities of tiiis 
tuber suggested by tlie Bureau of Hoiue Economics (’41) for a low- 
cost, a moderate cost, and a liberal, adequate diet for a very active 
man would, at the lov'ost averag*e value for thiamine obtained in this 
study, i. e., 78 Mg- per 100 gm., provide daily 0.38, 0.30 and 0.30 mg. 
thiamine or 16, 13, and 13%', respectively of the daily allowance (Na- 
tional Research Council, ’43). Moreover the quantities of iiotatoes pre- 
scribed by the army (Howe, ’42) would contrihule 0.23 mg. or 11% 
of the total thiamine content of tlie rations. Certainly a food which 
could supply as much as one-sixdh or one-ninth of the daily allowance of 
a iralrient must be considen'd a fairly significant sonret* <if (hat nutrient. 
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SUMMARY 

T]jo tJiiamiiie eonteiit of Grreon Mountain potatoes has been studied 
at various steps in the cooking and serving procedures. The pcreentagt.* 
loss in thiamine incurred at each step has been computed on a dry- 
weight basis. Small losses resulted from soaking the potato prior 
to cooking and from holding tlie potato in a steam-oven for a period 
as long as If hours. The greatest loss, 14.1% of the original value for 
thiamine, occurred during the steam-cooking process. The mashing 
of the potato did not appear to be destructive of the thiamine. The 
over-all loss in thiamine exclusive of that during soaking appi’oximated 
20 %. 
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Pi'evious reports on the tryptophane reqrrirement of the chick have 
been made (Klose, Stokstad and Ahnquist, ’38; Almquist and Mecchi, 
’41). In the latter studies, acid-hydrolyzed casein supplemented with 
gelatin was used as the sole source of amino acids. Chick growth ob- 
tained with diets to which various levels of tryptophane had been 
added was used as an index to the tryptophane requirement, which was 
found to be approximately 0.5% of the diet. That this figure is prob- 
ably too high -was fij'st suspected when analysis of casein by the method 
of Eckeid ( ’43) yielded 1.2% tryptophane,^ a value which would require 
feeding casein at 42% of the diet to provide sufficient tryptophane. 
It has already been showm that casein at the 20% level furnishes enough 
tryptophane for normal rate of gain (Almquist and Mecchi, ’41). Ac- 
cordingly, the tryptophane requirement was investigated further with 
diets not employing acid-hydrolyzed casein. The two types of diet used 
in the present study were (1) a mixture of 19 amino acids to wdiich 
varying levels of natural and synthetic tryptophane were added, and (2) 
a zein-gelatiu diet to which several supplementary amino acids w^ere 
added. 

EXPBBIMENTAL 

White Leghorn chicks were maintained from hatching time until 
1 w^eek of age on a practical rearing diet, at which time they were 
handed and weighed. Three days later they were weighed again, and 
on the bases of total wmight, rveight gain, and vigor, were segregated 
into groups of 2 to 5 chicks and housed in electrically heated, wdre- 
floored battery brooders. 

The diets wmre fed ad libitum for 12 days. The basal ration for the 
amino acid mixture diets was as follows: cellulose ^ 5, calcium gluconate 
8, mineral mixture 3.24, crude soybean oil 5, sardine oil (400D-3000A 

We are iiiclebtecl to Dr. F. H. Kratzer for permission to cite tliis result from his analyses. 

“ Cellu Ploiir. 
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per g’j-aiji) In "whieii 1% of iiiixwl toeuplierols ■" had Iteeii added 0.2, J, 
eii(tliiie ehloride 0.2, inositol 0.1, cholic acid 0.1, 2-iuetliyl-l, 4-napiho- 
iiydroquiuoiio diaceUite 0.00.1, tliiaiuiue O.OOI, rihollaviu 0.00.1, pyi-id- 
(i.vhie O.IKU, iik'otinic' acid 0.003, ealciiuu paiilothoiudt' i d/,.' 0.00.3, hiolin 
(acid)"' O.OOOOl gm., Avitli the ainiuo acid mixture and glucose”’ lo 
niakc 100 gm. Otlicr inoinbers of tiie vitamin B-cumj)lex were provided 
by a eonceuti-ate prepared from soiul.>i]i?:ed liver wbieii added only -1 
mg. nilj'ogeu to each 100 gm. diet. Tiio ininc'ral mixture fniiuslied tbo 
following substances per 100 gm. of diel : tricaleiiun })hosj>!iate 2000, 
dipota.ssimu plio.sp]iate oOO, potassium cbloride 300, atid nnuiganose 10, 
silicon 46, magnesium 48, alimumnn 8, iron 14, copper 1, '/.inc 1, iodine 
0.8, and cobalt 0.5 mg. 

All of the ajuino acids in this diet A\ cre eoinmoreial ])rodnct.s, and a.s 
far a.s itossiblo, were from the same lot tbrongbout the experiments. 
Data as to the levels used and the foi’iu in winch the acitl.s were added 
are summarized in table 1. The calculated amount of sodium bicarljoii- 

T.-USLK I 

of oniiiio aoU'lfi ofit fl iri (hr hnsfd th'rf. 


AMIKO .VOID 

KOtlM OF Aftit 

i.Kvia. v--; i,'pi. 

i.r.vr.s, f>v 

IsOAfl 

Alanine 

dl 


0,5 

rfilniiie 

1 ( 4 - MCI 

1 .'1 

1.2 

A spa ri id tirid 

1 (+■' 


2.0 

i ■‘ystiiio 

1 (-) 


0.4 

lU'id 

l(-r) 

5.0 

5,0 

C ly elite 


LS 

l.S 

iristidiue 

1 (+ ) IH'l 11, ,0 

Oh 

0.0 

ITydi’Oxyitndiiie 

j 1 ) 

0.:! 

0,2 

T.^bikoieiue 

dl 

:2.0 

1.0 

Leiieine 

1 

e.o 

2.0 

\ .Twine 

1 Oh) nn 

D4 

l.i 

’Mtdltiojihie 

dl 

i.O 

0.5 

.Vorleneino 

dl 

o.:2 

0.1 

'Finn lyl ala nine 

dl 

1 .1) 

0.5 

Frol ine 

1 1-. 1 

^.0 

2.0 

Soriite 

dl 

o.t 

0.2 

Tlirooiiiiio 

dl 

• s.') 

1.5 

Tryptopliaiio 




Tyvosino 

1 r~') 

2.0 

2.0 

Ynline 

dl 

2.0 

1.0 


Total Si.M) 

22.0 


“Natural mixed ioeoplierolfl, Type I (Distillation Prodxmta, Inc.). 

■^TiiO Inotin -wfis Idrirlly provided hy Mertdi & Co., Ine., tliroiig:li the etmrtr.sy of Dr. J. C. 
Koresteasy, 

® Corel ose. 
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ate was atidtHl id neutraiizi* the hydrocliloi'iilos ut* the bas,i <3 aiDiTio 
ac'ids, and to provide sodium cldorido, which was (muiicd from tlie 
jiiiiieral lubctuvo goiieraiiy used. 

Except for liu' amino acisi source, the iicin ’oasal diet was tiie same as 
the amino acid hasul, witJi tlie nitriiyen .-u|tp!icd !)y the foilowine- ma- 
tcrhds ill % : zoiu 20, i ( — )-cysliiK‘ / ;+)-lysiiie 0.4, dZ-nudhioiiiiie 
0.2, <i'?-valiiie l.U. (//■.threonine 2.0 and gelatin (or (ilirin) 10. Fibrin was 
used at a 10% level in one zein did as a positive control for i he ('(>mp!(d,o- 
ness of tile total protein source, as well, as for the trypto]>liane, which it 
.suppilied at 0.:32% of the diet.’ AVhen gelatin was used with zein, the diet 
contained less Ilian 0.04% tryptophane. Tlu^ sipiploiuenis of natural 
and synthetic lryptoi)ha.ue ” which wm-o used were tlie same for all 
experiments. The speeific rotation of the I ( •-) form was —,'11.2'' .at 

20" r.' 

RESULTS 

The best I’ates of growth obtained in those studies were apiiroxi- 
mately 5% ]jer day for a 10-day period, which is sligiitJy less than 
that obtained with a methionine-supplemented soybean protein as the 
.sok' ]>roteiij source i‘o)‘ the chick ((Iran and Almqiiist, *48). ^\lth the 
amino acid mixtures, however, some cliieks did not eat the diets readily 
for the first day or two. Because of the variability of the early gi'owtl) 
]-oriod with its consccjiient effect on the rate of gain, the efficiency of 
gain (gm. gain /gni. feed eousnnied) has been iiserl, instead, as an 
Index of tin' trypto])hain.^ rocjinveinent. Better agreement was ob- 
tained betwei'n experiments and between the two types of diets wln^n 
the' results vrore evaluated iu tltis way. Tii both typos of diets tlie 
maximal (‘fficiency 'of gain was rea(?bed wbon 0.2 to 0..3% / ( — )-try])- 
io])bano was ])re.s(nit. This is a]‘)proxiniately the amomit fnriiislK'd by 
20%, of inlact casein, which is known to hs an adotpiate source. Tin.' 
rc'snlts ol Hk' various experiments are presented in iahle 2. Tlie ef- 
fioieney of gain lias been plotted against the addition of try'ptophane 
in, figure 1. Curve .A is based ou average values of gain/feed for all 
experiments plotted against 1 ( — ) -tryptophane added. Consideration 
of curve B shows that the requirement for tryptophane in die dl form 
isi twice that for the natural form, and indicates that the chick does not 
make appreciable use of the d f + ) form for g’rowth. From curve A it 
is estimated ihat the I ( — )-tvyptoiihane requirement of the chick is ap- 
proximately 0.25''l of die diet for maximal ofncieucy of utilization of 

^ Merck & Co., Jiu\ 

’ fn,] ^ .for pure 7 ( — Vtrypto])liano lu given as — (Greenberg. M4'i. 
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tlie diet. Maximal rates of increase in body rveight rvere also attained 
at approximately this level of 1 ( — ) -tryptophane. 

Since the requirement previously suggested was approximately 
twice the value reported here, it seems possible that the isolated, natural 
tryptophane used in the former studies may have been largely race- 
mized. The present results reveal a further difference between the 
amino acid requirements of the chick and of the rat, for the', latter 
animal can apparently utilize both isomers of tryptophane for growth 
(Berg and Potgeister, ’31- ’32; du Vigneaud, Sealock, and Van Etten, 
’32; Berg, ’36). In the mouse less rapid growth is obtained with the 
unnatural form than with the natural form (Totter and Berg, ’39). 

SUMMARY 

Use of a diet containing a mixture of 20 amino acids or one contain- 
ing zein and gelatin supplemented Avith some pure amino acids as the 
only protein source has shoAvn ^/-tryptophane to he only half as effective 
as I ( — ) -tryptophane in promoting growth and efficient food utilization 
in the chick. From the results obtained AAuth these diets, the I (—) -tryp- 
tophane reiiuirement is shoAvn to be approximately 0.25% of the diet. 
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THE FRAOTIOXATTON OF PHOSPHOBUS OOMPOUFDM 
IN OEETAIN VEOiETABLES -> 


EMMETT BENNETT 

Massarhtf.sttls Agrlndturat Experiment Statimu Jmlicrst 
(Kpceivftl for publication June 9, 1944) 


Phosphorus oompoiirjds in i;)laut and animal tissues and fluids, so far 
as known, are formed from ortho-phosphor ie acid. The capacity for 
the characteristic reactions is dependent upon the three hydroxyl 
gTOups. They not only react with other compounds hut they may also 
react with other molecules of phosphoric acid giving rise to di- or tri- 
phosphoric acid compounds such as one finds in the nucleotide adenosine. 
Since phosphoric acid is capable of forming* many more or less distinct 
groups of substances witli many functions (James and Arney, ’39; 
Peters and Van Slyke, ’31) different concentrations of some fractions 
should be found in plants having different metabolic patterns. Such 
information may be of value in understanding further the role of the 
element once referred to as “phosphoims mirahilis” (Thorpe, ’28). 
Furthermore, since vegetables may fnrnisli an increased proportion 
of our phosphorus recjuirements it is desirable to determine whether 
or not the organic phosphorus exists in available-forms in certain foods 
(Lowe and Steenbock, ’36; Lowe, Steeiibock and Krieger, '39; MeCance 
and Wicldowson, ’35; Yang and Dju, ’40). 

This paper therefore pres(nits a (|uantitative fractionation of the 
phosphorus compounds of eleven eommou vegetables into the following 
groups : inorganic, organic, resistant esters, xhosphoprotein and phos- 
pholipid phosphorus, and irhytin. 

EXPEEIMENTAU 

The values rejported for each vegetable represent the average of 
duplicate or triplicate determinations on one sample which was pre- 
pared from several kilograms of rejn-esentative fresh material. 

The scheme of seioaration was similar to that used by Arney (’89). 
All manipulations were cheeked for the recovery of phosphorus by the 
use of solutions of known phosphorns contemt. All phosphorus deter- 
minations rvere made colorimetrieally by the Truog and Meyer method 
(’29). Total ijhosphorus was brought into solution by wet ashing 

^ Contribution no. 529 of tlui ^Massadljiiisetts Agricultural Experiment Station. 



•270 


KM jrKT'L’ ISEX XETT 


M'ifh siilplmric mid iiilric- iiciiis. Piosistmil udtcrs and inorg'anie phos- 
plioms M'eve dolermiiKMl on cdariiiod tric'Jdoi'oacctie acid extracts. 
Exti'aclions with tricldoroacetio acid made over periods ot‘ tJO, Or) 
and 90 minutes indicated tliat an end point was readied in 30 minutes. 
The original solutions were too colored to use directly, hence all phos- 
iiliorns compounds were precipitated by a ]jroeedure similar to that of 
Needham, Needliam, Baldwin and Yudkin (’32). The precipitate was 
dissolved in an acid solution of pH 1. The inorganic fraction was 
determined directly on this solution, while a total iihosphorus deter- 
mination was also made by wet a.slnng the extract, in order to obtain 
tile resistant esters by difference. Pbospholipid and xiliosphoprotoin 
phosphorus constituted the difference between the total tihosphorns 
and the acid soluble phosphorns. Pliytin |.)hos]idiorn3 was determini'd 
liy the IMcOance and Widdowson method (’35). 

The results of the investigation are shown in table 1. 

TAKl.E 1 

The pervt'nfage conft^nf of pitosphorn.^f on a <lnj rnoifrr bitftiA in Cin-ionn funn-c in rrrtain 
vnpelobJi'fi (intl ihrir perccningo (iisfrihniion. 



TtlTAJi 

iNorvt5Ai>;ic 

ruut.^xro 

KJ'lSfSTAXr 

nsvrpffs 

PH (VS PH O- 
lilPirvS AKi> 
PHDSPTjO- 
PnOTPINS 

Asparagus, Asparagus otUr'inalis L. 

(hdOO 

o,;i59 

o.:mo 

0.184 

0.150 



(.51.4;.^ 

(rs.ii'i 

(20.3 ^ 

('22,31 

t.'alihnge, T-U-assien olerai'ea I'l. 

0.414 

0.250 

0.1 58 

0,080 

0.078 



(Ol.iS) 

(;J8.2) 

(lo.ir. 

(D^.9. 

Carrot, Dancus carota L. 

O.^h'lO 

0.247 

0.103 

0.059 

0.044 



(70.0; 

(29.4) 

(10.9 t 

(12.5) 

Dandelion, Taraxaeuni oflieinalo 

0,4M0 

0-257 

0.182 

O.008 

0.114 



(5S.5i 

(4L5) 

( 15.5 ■) 

(2H.0) 

Eggjdaiitj Solaiuim melongentt L.' 

0.271 

0.190 

0.075 

0.040 

0.035 



(72.:D 

(27.7) 

(14.8^ 

(12,9) 

Kale, Krassieri oleraoea. L. 

0.487 

0.250 

0.181 

0.002 

0.119 



(58.0 1 

(41.4) 

(11.2) 

(27.2) 

Spinach, Spiiiaeia oleraeea L. 

0.87;i 

0.508 

0.305 

0.1 90 

0.115 



(05.1 i 

(34.9') 

(2K8‘, 

(13.1) 

String beans, Phascolus N'lilgaris D. 

0.505 

1 ^ .eJr) i 

0.148 

0.044 

0.104 



(70.7) 

(29.3) 

(8.7) 

(20.0) 

Squash, Cueurbita maxima D. 

0.420 

0.213 

0,210 

0.029 

0.181 



(50.4 j 

(49.0) 

(0.9) 

(42.7) 

Turnip, Brassica rapa L. 

0.548 

0.33.5 

0.208 

0.120 

0.088 



(61.7i 

(38.3) 

(22.1) 

(10.2) 

Onions, Allium eepa L, 

0.291 

0.185 

0.100 

0.087 

0.019 



(03.0) 

(30.4) 

(29.9’. 

(0.5) 


■^Tho figures in parentheses indieate ilio porcontage of the total phosphoi-us wliirli eaeh frae- 
tion represents. 
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riiorgciiiii' j)lios[j]jon:is raiigod tvom a1)()nl: 50 to ovor 72% of the total. 
Bosistaut estor.'^ averaged sligiitly less than the piiouspliolipid and phos- 
phoprotebi phospliorus; the foT-iiior varied f]‘om about 7 to 30%, the 
latter from 0.5 to 42.7%. Phytiii was absent in all eases. 


HIJ.M'MARY 

From these data one may eoiudvide that the bulk of tlie phosplionns 
is in the inorganic form; that the organic fi’action may be composed of 
widely varying aiiiouiils of resistant esters, and the phosphoprotoins 
and phos'pholipids ; and that tliere ai'e no uimvailable foiins of phos- 
ydioriis present in tlios(' vegotahles. 
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EFFECTS OP VABIATIONS IN DIETARY PROTEIN ON THE 
PHYSICAL WELL BEING OF HEN 
DOING MANUAL WORK ^ 

R. J;)ARLIX(,4, R,. K. .lOHNSON, (4. <'. PITTS, P. COKSOLAZIO 
AND P. P. ROBINSON 

WITH TRIE TECHN'ICAL AS.StSTANCI;: OF A. KIBLER AND M. BARTl.ETT 

The Fafigtie Lahoratonj^ Earvanl I'U.iversilg, Soldiers^ Fiehh Boston, MasmcJinscifs 


(Efceived for publication ^iiiy 27, 1944) 

IjNITRODUCTION 

Tile question of the effects of low and high protein diets has become 
an immediately practical one, not only because of the relative scarcity 
of big-lx protein foods but also because of the greater difficulty in ship- 
ping them long distances. Previous work has shown clearly what 
was the minimum protein intake necessary to maintain nitrogen equil- 
ibrinm (Reviews — Lusk, ’31 and Terroine, ’36) and that low levels 
are compatible witli health in sedentary men. Although frequent state- 
ments are to be found that higher intakes are necessary for hard work, 
almost none of these is supported by experimental proof. In fact the 
most extensive experimental work, that of Chittenden (’04), reported 
increased vigor for hard working men when the protein intake was 
lowered to 50-60 gm. 

In order to make the results of this woi'k useful foi- direct practical 
application, the aim was to utilize normal young men in a natural 
environment carrying on their usual regime of work. For the same 
reason the diets wore planned to include only items to be found in nor- 
mal diets, and tlms to avoid synthetic or laboratory foods which would 
not 1)0 encountei-ed in practical dietary experience. The plan in one 
group of subjects ivas to restrict protein foods as much as possible 
within the above limitations; iii another group of subjects to give the 
greatest possible excess of high protein foods. In a third group the in- 
dividuals were to continue on their usual diet. 

The conclusions from this work must he limited to results appearing 
within the time limit of the tests, namely 8 weeks of the modified diet. 

^ The work described in this paper was done under a contract, reeonmiended by the Com- 
mittee on Medical Besearch, lietween the Office ot“ Bcientidc Research and Development ami 
Harvard University. 
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Tlicreforo, tlio }>rac-tietil implicatiDiis nmsi likewise' he limited to a])p[y 
to emergency moditications of diet lasting up lo 2 mouths. 

MKTIIOUS 

The subjects wei-e Iwoiity-fouv volunteers from the persoiuiel of a 
Civilian Pnl)!ic Service Camp, who continued on tlie Avork regime of 
the camp and ate their meals at special tables in the regular mess hall. 
At the start each subject was given a thorough phy.sieal oxaminatiou, 
clinical laboratoiw examination of blood and urine and blood chemical 
('stimation of NPN, protein and A/G Ratio. NPX was estimated by the 
method of Daly ( ’23) : serum protein and urinary niti'ogen I)y the Micro 
Kjeldalil method of i\la and Zuazaga (’42) ; and serum protein fraction- 
ation by the method of Howe (’21). Throughout the study frequent 
check-up physical examinations were held and the estimations of blood 
NPN and pi-otein were repeated Aveekly along with a measurement 
of the nitrogen in a 24-hour s}jecimo.n of urine. Assessment of ]rhysical 
fitness each week w'as by meams of the so-called “Pack Test.” In this 
test the subject, wearing a rucksack weighted to ap])roximateIy Jj his 
body Aveigbt stopped up onto a Iti-inch platform and Irack down onto 
the floor once each 2 seconds (handrails at shoulder height Avere used 
as an aid). The stepping exercise AA'as terminated at 5 minutes if the 
subject could carry on that long; after stopping, the pulse was counted 
for three periods; 1 to 14- min., 2 to 24 min. and 4 to 41 min. of the ve- 
eoA’Cvy period. From tliese data a numerical score Avas calculated as: 

tluratioii exereisp in secoutls 
2 X (Sum of pulsp heats counted iu the throe periods ) 

This test had been found previously to correlate Avith physical ability 
hi athletes and to parallel improvements Avith training and deteriora- 
tion accompanying proven inadequate diets. In order to haAm an ad- 
ditional index of recuperatiA’-e poAA'crs, the test AA-as administered tAvice 
on each occasion Avith only la minutes rest betAveeii the tAvo. 

The dietary test program consisted of three periods — 2 Aveeks pre- 
liminary control, 8 Aveeks of modified diet and 2 Aveeks of final control. 
The tAventy-four subjects Avere divided in tliroe groups of eight, each 
group including a rough cross section of the aa'IioIo in respect to occu- 
pation and physical fitness. All groups ate the regular camp diet for the 
first 2 Aveoks and one of the groups of eight continued thus throughout. 
A second group, called the restricted protein group, changed their diet 
at the end of the first control period to one Avhicli alloAved no meat, 
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cheese, eggs, nuts, legumes and only up to 1 cup of milk daily. Bread 
was the only other food allowed the restricted protein group wbieb 
contained animal protein (milk) ; this was limited in amount to this 
group so that not more than gm. of milk protein was furnished 
daily in this form and not more than 5 gm. of animal protein in the 
entire daily diet (the other 2i gm. or less in top milk on cereal). ITn- 
limited amounts of low protein foods were furnished this group aird 
they, like the other groups, were urged to fully satisfy their appetites. 
During the final control period this group was given a high protein 
diet. 

The third group, called the high protein group, was furnished with 
large amounts of high protein foods and allowed only restricted 
amounts of low protein foods. 

All groups were given daily 5 gm. of yeast extract^ fortified with 
additional rihoflavin to forestall any possibility of vitamin B deficiency. 
As will be laoted fi-o,m the above description, the dictates of taste were 
followed in so far as possible in this type of experiment. For meas- 
urements of the diet each mess table wms furnished with a diet scales 
and standard ladles. All aidicles of food were furnished in standard 
portions of known weight or else the subjects weighed the portion eaten. 
Each subject had a special record hook with a page for each day in 
which he noted the amounts of each article of food eaten during the 
day on one side of the sheet and the day’s activities hour by hour on 
the other side. These books were kept in a rack in the dining room. 
The proper analytic figures foi' piutein, fat and calories were entered in 
these books periodically by the dietitian staff. All items in the diet known 
to contain significant amounts of protein were analyzed at least once for 
protein during the experiments. Those subject to variation (e.g., bread, 
cereals) in cooking were analyzed each time tliey were on the menu. 
Our own analytic figures were supplemented wfith those of Bowes and 
Church ( ’40) for fat and calories and for the traces of protein in low 
protein foods. Whenever possible the manufacturer or baker was 
consulted to determine ingredients. 

The work of the subjects included office -work, kitchen Avork, laundry 
wmrk, farming and forestry wmrk (including work on trails, clearing 
forest grounci and repair of roads). The daily calorie e.xpenditure, 
depending on the subject’s job ranged from 2400 to 5000 cal. with an 
average of approximately 3300. 

^ Standard Brands Co., Type 3. This amount of fortified yeast eontained apjjroxiraately 
5 mg. thiamine, 1.5 mg. riboflavin and 10 mg. niaem. 
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.KEhil'LTiS 

1. licstricfal pfutrhi 

Tlio averages! of daily protein intakes in this group of eight are sliovii 
ill talile 1 along Avitli the calorie intakes, subjects' veiglits ami their 
usual occupations. It vill be seen that even with tlie severe restriction 
of high tiroteiu foods the chiily pfoteiu intake was rarely beloAV bO gm. 
and averaged 53 gin. When tJie calorie intake wa.s above -tOUU eal. tlie 
protein was usnally nearer (10 gm. Potato, bread ami other cereal prod- 
ucts were tJie chief sources of tliis prolein ; less than 5 gm. was of animal 
origin. Two subjects of tins group terminated their experiment early, 
one beoauso of an acute attack of vecnrvent appendicitis, the otlier lie- 
cause of ti'ausfer to another [iroject. 

The ;14-honr urinary excretions of nitrogen were measured once a 
week and the results, <>x])ressed us grams of equivalent prolein, are 
included in tattle 1. Since tliese tigiires ai'c calculated from samples 
taken only once weekly whereas the figures for intake xvere obtained 
daily, exact agrceinoiit should not he ex])ectod. tlowm’-cr, it can bo 
.seen that the urinary nitrogen tigures furnish a. vongh check on the 
calculated intake, if the usual assiunittion of 1 gm. ol' stool nitrogen 
is made. If anything, the intake tigures lend to he a little larger 
thiui the correc'led uriuai'y figure so it may be safely stated that the 
calculated mean daily intake figure of 53 gm. is perhaps too iiigh. 

!u general all the suhjects in this group believed they were getting 
enough food. It. was their observation, however, especially those doing 
the heaviest work, that tliey liecame unusually hungry and felt a little 
weak late in the morning aiul late in the afternoon. There was an aver- 
age weight loss during the 8-xveek period of 0.9 kg., a good part of which 
could be logically ('xplained by the fact that several of the group started 
on a regime of mncli lioavier outdoor work than was eu.stomary to 
them. A weight loss of similar magnitude was found in the grou]) on the 
iionnal diet. One man who lost 2.8 kg. was olwse and rather “fiahby” 
at the start. 

Aside from tlie experiences of late morning and afternoon Inmger 
mwitioned above, none of the subjects complained of unusual .symp- 
toms. They were able to carry ou the work routine; no ooni}.)laints 
Ip’ tlieir work snpovvisors were ever made. The pack test data con- 
firms the impression that they showed no deterioration. Table 2 snm- 
7narizGS these results on this group and those on the normal and higli 
protein diets. In spite of some irregularities it Avill he seen that both 
groups improved slightly; a few individuals strikingly, undoubtedly 
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due c‘liioil.v to tlu* pliyssioai training Troni tlioir acti\'e \\c)rk rnginio. Tlie 
irrcgnlaritioB of seovos are hi some cases due to changes in motivation 
on different days; in other cases to local disahilities arising from minor 
injuries. The relative scores on the two consecutive tests on the same 
day did not yield any additional information and are not reiiorted in 
detail. It was an unexplained fact that the relation.shi]i of the second 
to the hrat score was largely charactci-istic of the individual: many 
dro])ped off slightly every time on tlie second score, a few markedly, 
wliile a few actually improved in every instance. 


TABI.K 2 

Phii'.siral jUiuss <ifi uuHcnivd bn in hsl". 
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’ Tliest^ ii8:iires (tl)taiiu-'fl by for oaeb hKllvicliial a standard score equal to the hii>'liest 

of his first three scores on the table, by ealeulatiiia: for each later score the {lifference from the 
standard, and then by aver.aginjr the individual differences for each week. 
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Tile blood ebemieal and hematological findings Avere completely neg- 
atiA’e. There Ai-as no trend toAvard a loAvering of either albumin or 
total protein; the red blood count and hemoglobin remained essentially 
nuchanged.^ 

In the ease of this group the final control period had a special sig- 
nificance since the protein in the diet aauis raised to a high IcAud at this 
time. No change in physical performance or chemical findings Avas CA'i- 
dent aside from the increased amount of nitrogen in the urine. The 
subjeetiAm effect of the change A\ms conditioned by the preferences of 
the men; tAvo men, habitual loAmrs of meat, were much liaiipier oil the 
high pi'otein diet; tAAm men found the liigh protein diet actually dis- 
tasteful, the remainder had no strong feelings one Avay or the other. 

11. Ilifjli profeiu group 

Again in this group the changes due to altei'ations in diet were prac- 
tically non-existent. The AA’eekly averages of daily protein intake 
ranged from 157 to 192 gin. compared to 95 to 113 in the normal group 
(see table 1 for 4-Aveek averages). The aA^erage in the high protein 
group was kept doAvn by one subject, a sedentary, rather IiyperseusitiA’c 
indiAfiduai to whom “heavy food” was distasteful. 

The less active men in this group tended to feel overfull and sleepy 
after meals. Not all this effect was necessarily due to the high protein 
per se. Among the available common foods high protein is associated 
AAfith considerable fat. Asa i-esult the total caloific intake in this group 
tended to be higher than necessary. This is clearly shoAim in the Aveight 
figm-es Avhich sIioav an average gain of 1.0 kg. and a gain in one indivi- 
dual of over 5 kg. No other unusual symptoms were experienced. 

The physical fitness tests shoAved a tendency to gradual improAmraont 
(table 2) as in the other groups, Avhieh is likeAvise explainable by ti-aiu- 
ing. 

The urinary excretion of nitrogen e.xpi-essed as equivalent protein 
in table 1 gives figures of 138 gm. and 142 gm. daily for the two 4-week 
periods. Although not exactly to be compared with the intake figures 
because of the less frequent measurements (see under Restricted Pro- 
tein Group above), these figures confirm the high protein metabolism 
of this group but Avould require the assumption of rather liigh values 
of stool nitrogen (about 6 gm.) to be brought in line with the calculated 
intakes. 

•''Details of these ineasiireiiients are omitted for the stike of lirevity but will be furnished 
by the authors ou request. 
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Tile only cliauge iu cliemioal lindingB •* a tendency to slightly 
higher NPN wliich is probably not very signiilicant. 


DISCUSSION 

These studies fail to eoiifirm Chittenden’s ooiielusioiis that a re- 
stricted protein diet improves physical well being. His experiments had 
the advantage of being longer in duration but the disadvantage of 
having no parallel control subjects on their usual diet. His conclusion 
that there is no impairment of health by such a diet is completely 
supported. 

It is apparent from these studies that to choose a low protein diet 
from commercial articles of diet is difficult, provided caloric balance is 
maintained. When sufficient calories are given for hard physical labor, 
a fairly respectable level of protein is automatically included. 

Likewise it was found difficult to increase the protein level above 
150 gm. using standard items of diet. To push beyond this without 
giving excessive calories, defatted foods such as Imttermilk or skim 
milk would be necessary. 

The conclusions from this study should not be extended beyond the 
conditions investigated. The protein needs during growth, illness and 
lactation are wholly outside the scope of tliis work. It is apparent only 
that for 2 months with normal men (such as laborers or soldiers) 
rather extreme variations in protein intake were without measurable 
effect either beneficial or harmful. The practical implications are that 
under emergency conditions a diet supplying a])out 50 gm. of pi’otein, 
chiefly from potatoes and grain products, is not incompatible with the 
health of physically active young men. 

SUMMARY AND CONCLUSIONS 

1. Within 2 months no measurable influence eithei- deleterious or ben- 
eficial could be observed on tlie physical vigor or efficiency of eiglit 
healthy young men subsisting on a diet adequate in calories but re- 
stricted in protein. The daily protein intake averaged 50 to 55 gm., 

. very little of wdiich was of animal origin. 

2. Similarly no beneficial or harmful effect could be observed in 2 
months on eight men subsisting on a diet providing 160 gm. or more 
of protein, mostly first class. 
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ABSENCE OF NEEVi: DEGENERATION IN CHRONIC 
THIAMINE DEFICIENCY IN PIGS ^ 

MAXWELL M. WINTROBE" RICHARD H. FOLLIS, JR., STEWART HUMPHREYS, = 
HAROLD STEIN AND 1L4RJOR1E LAIIRJTSEN " 

IJtparfment of Medieuw, Johns Sophins U7iwersii Bdltlmore, Maryland 

ONE FIGURE 

(E,eceiv<?fl for publication April 18, 1944) 

In earlier reports (Wintrobe, Stein, Miller, Follis, Najjar, and 
Hurnplireys, ’42 b; Follis, Miller, Wintrobe and Stein, ’43) we de- 
scilbed onr failure to produce degenerative changes in tlie nervous 
system of pigs by inducing. thiamine deficiency. This observation was 
contrary to the rather generally held view that thiamine is “the anti- 
neuritic vitamin.’’ Since our studies at that time were limited to nine 
pigs, this report concerning observations in ten additional animals is 
recorded. In the accompanying table the pertinent data for all nineteen 
animals are summarized. 

The care and management of the animals was similar to that fol- 
io-wed in earlier studies (Wintrobe, Miller, Follis, Stein, Mushatt and 
Humplu’eys, ’42 a) and need not be described in detail again. The 
basal diet consisted of casein 26.1, sucrose 57.7, lard 11.0, and a com- 
plete salt mixture 5.2. In the present series there -were four pigs which 
received only crystalline vitamins as the source of the “B-complex.” 
Six animals were given autoclaved yeast. This was done because in 
most of the experiments reported hitherto, diets supplemented by 
autoclaved yeast have been used, the purpose of autoclaving being to 
destroy thiamine. Since we have observed neurological lesions in pigs 
receiving a diet deficient in pyridoxine or pantothenic acid (Wintrobe, 
Miller, Follis, Stein, Mushatt and Humphreys, 42 a), the question 
arose whether the pyridoxine or, moi-e probably, the pantothenic acid 
content of yeast might also be lowered by autoclaving. Two of our. 
animals receiving autoclaved yeast were given pyridoxine and calcium 
pantothenate as well. 

^ Aided by grants from tlie XiJoekefeller Foundation, Parke-Davis and Company, the Up- 
john Comjmny, and the Flcisehmann Lalioratories, and carried out in cooperation with tlie 
Bureau of Animal Indnstry, IT. S. Department of Agriculture. 

Present address, Beliool of Medicine, University of Utah, Salt Lake City, Utah. 
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Tho yt.'Mst n«ed was a lirewors' yoast avaiUihle roinn'ieiviaily.'’ '‘Dry'' 
antocdaved yeast: was proi:)ai'e<l ])y autoelavini*- i\»r 8 liours at 20 jiouiuls 
pressure. “Alkaline” autoclaved yeast was prepared by mixiu”' yeast 
with 0.1 N sodium In'droxide and autoclaving- as above, nentralr/ation 
being carried out afterwards. These two methods of autoclnx-ing were 
employed because each method has been used by \'arioas woi-kers 
(Swank, '40; Bessey, ’42). The pantothenic acid content of the uu- 
ti-eated yeast, as measured by microbiological assay (Strong, Feeney 
and Earle, ’41) was 72 ng- per gm. That of tho “dry” autoclaved yeast 
was 14 Mg', while the “alkaline” autoclavmd material contained 4(5 ug. 

In none of the animals was abnormal gait observed during life 
and in none were histologic changes di.scovered in the nervous .system 
in spite of painstaking study by accepted methods. This is in agree- 
ment with the observations of Ellis and Madsen ( ’44). There can be no 
question that thiamine deficiency was produced in these animals for loss 
of ai)petite, vomiting and impairment of growth were observed in all, 
these syrni'jtoms could be relieved by giving thiamine, and death oc- 
curred as the re.sult of cardiac failure in all except those animals which 
were sacrificed in a condition of less severe thiamine deticieiu'y. Pro- 
nonneed electrocardiographic changes were observed in these pigs 
(Wmtrobe, Aleayaga, Humphreys and Follis, ’4Ma) as well as ex- 
tensive lesions in the myocardimn and evidence of congestive cardiac 
failure (Follis, IMiller, 'Wintrobe and Stein, ’4;l). 

In order to imitate tbe, conditions likely to be encountered in humans, 
the thiamine deficiency was only partial This procedure also achieved 
iinother purpose. It has been argned that nerve degeneration is not to 
he expected in animals acutely deficient in thiamine and it has hecui 
implied that changes in the nervous system wilt he observed if tbe do- 
fieieney is of sufficiently long standing. It will be noted that many of 
our animals wore maintained in a chronically deficient state f(u- 7 to 84 
months, one even longer. The growth curves .shown In figure 1 aud 
those shown in an earlier report (Wintrohe, Stein, hlillor, Follis, 
Najjar and Humplireys, ’42 h), indicate the “clironicity” of these ex- 
periments. Once the experiment was commenced, care was taken at all 
times to maintain the thiamine supplement at a level well below that 
required by the pigs. This level was so low at times that some of the 
pigs died sooner than we would have wished (see table 1). 

^Meacl tTohiison and Companr, Evansville, lud. 
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Fig- 1 Growth curves and food cMuisnmption of animals receiving tliiaimiie-defieieiit diets. 
Ono unit' of the diet furnished approximately 152 cal. per kilogram f>ody weight. 

Tlie broken curve apjieariiig at intervals represents the growth of pigs at the Beltsville 
Research Center given a mixed diet and fed and handled according to record of perform- 
ance procedure. 

DISCUSSION 

It does not necessarily follow as a result of these studies that nerve 
degeneration in man is never tlie result of thiamine deficiency. There 
has been ample demonstration of the fact that the manifestations of 
vitamin deficiency, as well as the requirements for the various vita- 
mins, are not the same in all species. It is to be noted, however, that 
when nerve degeneration has developed in man in association with 
nutritional deficiency, the deficiency has been multiple and there has 
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pantotlieiinte O.ilO, I inoHitoi 0.10, j) para-iniihiobenzoic iicid b.l mg. per kilo ])odv weight riaily. 

“AuimidH in j)rt*vious series (Wintroho ct ah, Follis et ai., ’43). 

■‘Pig 7-11 was fed alkaline autoclaved yeast until the age of 138 days. Pig 7-40 was given 
(l.dO lug. caleium pantothenate per kilo body weight daily until the age of 1(13 days. Thus both 
animals received a larger supply of calcium pantothenate than tliiw would have had, had the 
yeast supj)lement from the age of 3 weeks InMni dry autoclaved yeast. AH [digs receiving yeast 
were fed 3 gtn. per kilo hody W(‘ight daily. 

^Tlie thiamine content ot those yeast samples was not measured. 


l)ot'ii 110 adequate juwtiii'Cation fov tile assiimyitioii that the lack of tiiia- 
iiihie ivaB tlie specific cause of the changes observed. Surely classical 
beriberi, occurring as it does in persons consuming a diet consisting 
almost exclusively of polislied rice, is a multiple defieieney disorder. 
The effects of therapy with thiamine in cases of “multiple neuritis” 
have not been such as to convince the critical observer that eventual 
improvement must necessarily have been attributed to thiamine 
(Brown, ’41; Strauss, ’43). 

The only exceptions to the above statement are tlie reports of Wil- 
liams et al., (’43) and aJifl Holt (’43). Williams and coworkers 
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described symptoms uud signs suggesting peri])heri\l nerve degenera- 
tion in iwo exporimenlal subjects given a diet lacking only in tliiauiiiio. 
[jnfortnnately no biopsy was made and thus it was impossible to stak' 
whethei* there was functional impairment only, o!‘ actual aoiwe d(‘- 
generation as well. The same question arises in the case of the four 
subjects of Holt and Najjar’s study in which “neuritis” developed. 
In view of the inqjortanco of thiamine in carbohydrate metabolism 
one must also consider the possibility that some of tlie symptoms and 
signs regarded as representing “polyneuropathy” may be the result 
of a metabolic disturbance in the muscles. Surely those signs wliicli 
are promptly relieved ])y the administration of thiamine are the conse- 
•pienco of a metabolic defect rathei- than due to a histologic change. 

It is of interest to compare our results with those of Van Etten, Ellis 
and IMadsen (’40), also obtained with pigs. These workers observed 
neurological cliauges in animals fed autoclaved liver and whey as 
the source of the B vitamins, but found no such changes in pigs fed 
sodium sulfite, sulfur dioxide treated liver and whey. Autoclaving 
of liver for fi hours at 20 pounds pressure, was found by om- assays 
to reduce the pantothenic acid content from 105 to 34 (ig. per gm. ; 
autoclaving of whey in the same way, reduced the pantothenic acid from 
33 to 4 pg. Incomplete data suggest that sulfite ti'eatnient of these 
substairces as well as of yeast does not reduce their pantothenic acid 
content to tlie extent produced by autoclaving. 

The requirement of the pig for ynintothoiuc acid is at least 160 ug. 
])er kg. body weight (Wintrobe, Pollis, Alcayaga, Paulson and Humph- 
reys, ’43 h), and under certain conditions may be as lugli as 500 pg. 
(Ellis, Madsen and Miller, ’43). The observations of Van Etten, Ellis 
and Madsen (’40) indicated that their autoclaved diet was deficient 
in more than one factor. In the light of our assays, ])antothenic acid 
probably was one of those factors and the neurological cimnges ob- 
served by tliem were in all likelihood due, in paid at least, to a lack of 
this vitamin. The absence of nerve degeneration in their animals 
which were fed ssnlfite treated diets, and in our pigs fed autoclaved 
yeast, can be explained by a failure to reduce the pautothonic acid con- 
tent below the critical level. 


SVAT-MARY 

Additional experiments in pigs in which chronic thiamine deficiency 
was produced, have failed to support the claim that lack of thiamine 
causes degenerative clianges in the nervous system. 
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It l.s poilitf'cl oul tluil ;)nt(K‘laving' doslroys not only Ihianuiie, hut 
I’otluoos tho paiitothc-uie aeid eoutorit {»i‘ yeast as Aveil. It is suggested 
that certain etTects heretofore attrilmtod to lack of thiauiiuo inay have 
hi reality lieoii clue to lack of pautothouie acid. 


LITURATURK CITED 

I'mH'Rmv, O. a, 104*2 I’yfsoiinl pdinminnknt'uni. 

.Bkown, "ISU B. BMl AU'Oliolid jio'lyiipiirhis. J. Aiu. Mt-d. Ashik. v(m. I.ll), p. .B>1.‘>. 

Klljr, N. .K., A'ND L. L. AIadskn 1044 Tlie tliiaininc miiihv3ii(.'iir of {lij^’s jis rolnted to Hit* 
lot {•out out ut' t]i(‘ J. A’litritioii, voi. 27, ]). 

N. B., L. L. AIadsj-n (\ O. AIillfji. .104"! Pniitoihoiuc arid juid p.yridoxiiio ai 3 
.factors ill the occnn’ciK.'o of locomotor iiicocirdiiiation in swine. (Ahst.) J. An. Sei., 
vol. 2, p. 365. 

POLLis, li. H., J'r., Af. 1-1. Millfk, AI, A1. Wixtroisk and H. ,T. Stkix ISMII DevtdtFpinont of 
myocardial jorrusis and altsence of Jiervo degoneratimi in thiamino ddicienc.y 
in pigs. Am. ,1. Patli., V(d. Ih, ]>. 341. 

Kajjat{, V. A., AND L. K. Holt, Jr. 1!143 Tho t>iosynth('sis of tliiamine in man. J. 2 \m, Alcd. 
Assn., vol. 123, p. 6S3. 

WtfjaiivSS,, M. B. 1943 Multiple ncuvitis. i.)ift‘t‘reiitiatiotx of mitritumal polyiumrltis from 
otlior multiple ncnrltides. lies. Publ. Aas. Tsferv. Ment. lUs., voi. 22, p. 141. 

String, P. M., E. 12. Feenev and Ann Earle 1941 AUcrobiologieal assay for })aixtothenie 
acid, Ind, Eng. (JiCin., Anal. Ed., vol. 13, p. otKl. 

Savank, E. h. 3940 Avian lliininine deficiency. A corndation of the ]inthology and clinica! 
behavior. J. E>:]ier. Alcd., Av.)h 71, p. CS3. 

Van Ett.F}n, 0., K. E. Emas and h. 32. AIapsen 1940 Studies on the thiamine n^tiuirement 
of young swine, d. Nutrition, vol. 20, }i. 007. 

Williams, E. D., .H. L. AJason, AI. H. Fo-wek and E. M. Wilder 1943 inducted tluamine 
(vitamin Ih) deficiency in man. g\rclL .Int. Med., vol. 71, p. 38. 

Wtntuode, M‘. M., E, Alcayaga, S. Ht'mphkeys and E. H. Follls, Jr. 1943a Electro- 
cardiograjihic changes associated Vv'ith tliiamine deficiency in jdgs. PjuU. dohns 
i'lopkins Hos])., vol. 73, p. 300. 

WiNTRouE, M. At., R. H. Follis, Jr., R. Algayaga, M. Pat'i.son and S. TTilmphrkys 1943b 
Pantotlienic arid deficiency in swine. With particular referemee to the effects 
on growth and on the alimeiitary tract. Bull. Johns Ho]dtius vol. 73, i-. 3i:i. 

WiNTliOBE, aVr, M., ]Nf. H, MiLLEK, R. H. Follts, Jk., IT. ,J. STtaN, f’. INUistiatt and S, 
HgMphrkys 1942ii Sensory iiovu'ou dt^genoralion in ]>igs. iV. 1‘rotection af- 
forded, by pantiithenic acid and pyridoxine. J. Nutrition, v(d. 24, p. 345. 

Winthobk, M. M., il. J. Stein, M. 11. Mileek, K. B. Foults, Jk., V. Na^jak and S, 
HrMiMiKKYS i942li A study tjf thiamine (hJiciency in swinc' together with a 
comparison of metliods of assay. Bull. JOhns U’o})kins Hosjl, vol. 71, ]>. 141, 



INEFFECTIVENESS OF VITAMIN E IN PEEVENTlNfl 
CHOLESTEROL DEPOSITION IN THE AORTA ' 


HLONRIK DAM 

7)( partments of Anatomj/ nnd Bioclieimalrij, Vnlvemly of KocUvn/rr, 

School of Medici fit' and Benlislrijj 'Ilochfj<tK}\ Kew york 

(Eoceive<i fai* piibiication Aljiy 16, 1944) 

Tlie fa<i that vitamin E deficiency causes an increase in the choles- 
terol content of muscles in rabbits, rats and chicks (Movgxrlis, et ah, ’38 ; 
Heinrich and Mattiil, ’43; Dam, ”44 h} and affects at least part of the 
vascular system, i. e., the capillaries, in chicks (Dam and Glavind, 
’39) and in the rat’s fetus (Mason, ’42, ’43) naturally leads to the 
<}uestion whether tlie presence or absence of vitamin E might not i«- 
flwmce the deposition of cholesterol in the aorta of annuals fed a diet 
rich in this substance. 

An investigation of this question has been carried ont with I'abbits 
and chicks, species which are known to deposit cholesterol in the aorta 
during prolonged cholesterol-feeding. In the experiments with, chicks 
the additional effect of orally administered llpocaie and inositol was 
studied, since these substances are known to exert an influence on th<.t 
vascular symptoms in vitamin E deficient chicks (Dam and Olavind, 
‘42) : while lipocaic has also been reported by certain authors to 
eountei'act cholesteiad atherosclerosis in i’abbits, other investigators 
a.iipear not to he in accord rvith this finding. The expei'iments with 
rabbits were carried out fii’st. Since the aorta siiowed no significant 
changes it was decided in the chick experiments to extend the cholest(‘rol 
determinations to certain other tissues in addition to the aorta. 


j':xPEan[BX'rAL 

In ilie experiments with j-abbits 3 groups of young animals iveigdi- 
ing about 1400 g’m. were reared on a basal diet of ground oats to which 
was added 5 mg. diacetate of 2-metliyl-l, 4 napthohydroquinone per 
kg., supplemented with 50 gm. of carrots per animal per day. One 
group was given 1% iiowdered cholesterol mixed with the ground 

' Aided by a grant from the Josiah Mneyj Foii;idation. 
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oats - and uuoIIum' group I’c'crivi'd 100 mg. d, l-alpJia-toooplioi’ol ace- 
tato" pej‘ kg', of tho oats-eholesfoj'ol mixture. After S')-07 days of 
feeding' tlie nuiiruils were killed and (lie aortas, from the aortic \'al\'(; 
to the bifureatioi'i, were removed and analyzed for cholesterol after 
the method of ^ Ilotfnioyer and Bjdrnssou (’40). This procednre in- 
volves hardening the tissue in 4(h formaldehyde solution for 24 hours, 
removal of the adventitial fat hy scraping’, drying in vacuo at room 
temperature to constant weight, dissolution in 60% KOII by lieating 
on a steam hath', oxlractiou witii ctlu'r, washing and evaporation to 
dryness. After dissolving llu* lum-saponiflahle matter in chloroform 
the cholestei'ol was determined in an aliipiot part by the Liebermann- 
Burchard roaetioii. The results are presented in table 1. 

. .Chicks were reai'ed in ordinary brooders with wire screen bottom 
and fed, during the first 61 days of life, a basal diet deficient in vitamin 
E and containing 20% lard (diet 190, Dam, ’44a). Su])plements of 
cholesterol, toeoplicn'ol," inositol and lipocaic '* were given as indicated 
in tghle 2. The aortas of tlie chicks in each experimental group wei'o 
pooled and analyzed for eholesterol by the same method used for rab- 
bit aortas. In order to compare the possible effect on the aorta witli 
that on other organs, livers, breast muscles aud brains (cerebrum and 
cerebellum) were also examined, 1-gin. samjffes of tliese organs being 
dried in vaeim to constant Aveight without formalin treatment. .For 
practical reasons it Avas necessary to pool the corresponding tissues 
from dilfevent. individuals in some groxrps and thei’efore only av'erage 
figures are presented (table 2). The experiments arranged betAA'eoii the 
liorizontal lines in table 2 were carried out simultaneously. 

' . TfESri.TS 

Rabh if expe ri incitfs 

iWorcliiig to Hoffmeyer and Bjovnsson ( ’40) the upper limit for nor- 
mal cholesterol values in rabbit aortfis, as determined by their method, 
i.s 5 mg. per gm. dry AA'eight. Tu the ]n’eseut oxpoi’iraent the group with- 
out ingested cholesterol shoAved values from 5.7 to 10.2 mg. per gm. 
The reason for this is not clear. The values for the aorta cholesterol 
in the tAvo eholesterol-fed groups are irregular but increased A'alues oc- 

Althougfli ciioJosttuol i?? cis ti solution in oil to fjicilituto its ubsorptioii, tlic 

relatively larg^e amoimts fed in the powdered form eonipensated for the lower absorbability and 
cunsed deposition in the aorta and other tissue. 

^'Ephyual aretate, ’^ kinilly Buppliod by Hoffmaim-La, Boehe, line, Nutley, X J. 

^ Kindly supplied by T)r. L. 11 . Dragstedt, ruiversity of Chicago and The EU Lilly Besenrch 
Laboratory. 
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cur not on]y in the group which received no added vitamin E hut also 
in the grouji which received tocoplierol. This latter substance, there- 
fore, did not prevent the cholesterol deposition. It is of little import- 
ance for this conclusion that the basal diet was not devoid of vitamin E. 

TABLE I 


Injiiivnev of feed iuf} eholraterol and vitamin E on mortafitif and ehdlesterol content 

of the aorta of rabMts, 


ADDITION TO 
DASADDIET 

BAYS OX Bir.T 

UNTIb 

Bp«utli Killed 

INITIAE 

WEIGHT 

PINAIi 

WEIGHT 

TOTAl. 

CHOEESTEIlOh 

IN DRIED 
AORTA 




am. 

am. 

w/7- per (fin. 


95 


1430 

927 

5.7 


52 


1550 

1221 




92 

1347 

1995 

6.4 



91 

1640 

1498 

6.5 

1 none 


92 

1365 

1623 

9.5 



8o 

1355 

1268 

10.2 


37 


1530 

1122 




92 

1505 

2175 

9.7 


25 


1425 

9-11) 



50 


1630 

1144 



93 


1355 

1476 

1 0.6 


58 


1422 

1315 



73 


1375 

1010 


2 ' 1% 


92 

1335 

145(5 

15.5 

eholesterol 

25 


1388 

lOSO 



48 


1270 

990 



45 


1415 

1020 



41 


146 1 

879 




88 

1‘121 

1241 

32.7 


56 


1316 

1115 




97 

1440 

1380 

5.1 

cholesterol 


97 

1345 

1585 

7.5 

4- 10 mg//r 

56 


1345 

955 


3 dy ?-alphn 


92 

. 1392 

1458 

18.7 

tocopherol 


92 

1345 

1228 

22.0 

acetate 


92 

1390 

1510 

58.6 


While the rabbits grew slowly and irregularly on the basal dii't 
and some of them died, the cholesterol feeding without added vitamin E 
caused a considerable increase in the mortality, making it necessary 
to include many more individuals in group 2 in order to obtain aortas 
which had been exjiosed to the cholesterol feeding for the same longlh 
of time as in the other groups. Ingestion of a substantial amount of d, 
1-alpha-tocoplierol acetate lowered the mortality. This seems to in- 
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dieate that the basal diet did not furnish vitamin E in suflicient amount 
to enable tlie animals to resist a general deleterious effect of the cho- 
lesterol feeding. The life-prolonging effect of vitamin E in these ex- 
periments in which the basal diet is unbalanced, probably also as far 
as the protein is concerned, resembles the effect of this vitamin on rats 
reared on a diet with fatally low protein content (Dam, ’44b). 


The cJiich experiment 

The chicks which were fed 2% cholesterol in addition to the high-fat 
diet had about three times as much cholesterol in the aorta as those 
which received the high-fat diet only. This finding that cholesterol- 
feeding causes deposition in the aorta in chicks is in accordance 
with those of Dauber and Katz (’42). The extent of cholesterol de- 
position was not significantly influenced by dietary supplements of 
vitamin E, or by additions of lipocaic or a large amount of inositol 
together with vitamin E. Since the diets contained yeast the experi- 
ments do not answer the question whether the cholesterol deposition 
would have been more marked if the basal diet had been completely 
free from inositol, but this circumstance does not interfere with the 
conclusion that vitamin E could not prevent the increase in aorta 
cholesterol even when lipocaic or inositol was added. 

As already indicated, some workers (Huber et ah, ’37) have reported 
that lipocaic tends to inhibit deposition of cholesterol in the rabbit 
aorta while others (Vermeulen et ah, ’42) have been unable to con- 
firm this. The present experiments, though carried out with another 
species, agree with the findings of Vermeulen et al., ’42. 

The data in table 2 show further that, just as w^as the ease with 
respect to the aorta, the total cholesterol content of liver and brain 
was not influenced to any marked degree by the presence or absence 
of vitamin E, whereas the muscles showed a clear response.. Additions 
of vitamin E to the basal diet, and to the basal diet with 2%. cholesterol 
added, caused a decrease in muscle cholesterol somewhat greater than 
the increased deposition caused by the addition of cholesterol. 

As was to be expected, the brain cholesterol did not change by eho- 
lester oh feeding whereas the liver took up a large quantity. The latter 
phenomenon was influenced in opposite directions by lipocaic and 
inositol. The finding that inositol reduced the cholesterol deposition in 
the liver is in agreement with the observations of Forbes (’43) but the 
finding that lipocaic increased it was surprising in view" of wirat had 
been foimd in experiments with rabbits by Vermeulen et al. ( ’42). 
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Ingestion oi‘ Jiigli eJiolesterol togetlier with liigli inositol seemed 
to have a uo.xious inUnenee on the cliicks siiiee lliev laid a mild porosis, 
were less vigorous and gained iu weight more slowly than those receiv- 
ing lipocaie or no addition to their cholesterol-rich diet. Ingestion of 
lipocaic together witli cholosterol seenietl to have an o])posite elfeet. 
A more detailed study of the problems raised by these observations 
may throw some light on the effect of inositol and lipocaie on eholestei'ol 
metabolism. 

srMMABV 

3. Ahlamin E, fed as 10 mg. ‘/i d, i-alpha-toeopherol aoetate iii the 
basal diet, failed to modify the deposition of cholesterol in the aorta in 
(a) rabbits fed a diet of ground oats and carrots plus V/o cholesterol, 
and in (b) chicks fed an artificial diet deficient in vitamin B and eon- 
laining lard and 2% cholesterol, with or without addition of 1.5% 
inositol or 2% lipocaic. 

2. The vitamin E snpifiement pi'oventcd a bigii mortality occurring 
in rabbits fed the oats-eari-ots-cliolesterol diet, reduced the normal 
cholesterol content of muscles in chicks fed the basal artificial diet, 
and the increased muscle cholesterol of (ducks fed the same diet su])- 
plemented with 2% cholesterol; the ex])lanation of these effects is ol)- 
scure. 

3. In chicks inositol feeding reduced, and lipocaic feeding increased, 
the extensive deposition of liver cholesterol following- additions of tin? 
latter to the basal diet. 
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It is known that chicks i-eared on a vitamin E deficient diet will 
develop encephalomalaeia or exudative diatliesis when the diet eoutaius 
a sufficient amount of fat containing highly unsaturated fatty acids. 
Which of the two symptoms will be the luaiii clinical manifestation of 
the disorder is largely determined by the composition of the diet 
(Dam, ’44). The nature and amount of the fatty acids in the diet is 
pai'tieularly influential in this respect. For instance, with the lia.sal 
diet 182 (Dam, ’44) the main symptom will be exudative diathesis when 
the fat supplement of the diet (about 5%) consists of the fatty acid 
mixture from cod liver oil, but eucepbalomalacia when it consists of 
the fatty acids Horn hog liver fat. 

The various highly unsaturated fatty acids are, at xn'eseiil, not 
easily available in sufficient quantities for a comparison of their abiliiy 
to provoke these two symptoms. It has thei-efore been attempted, as 
a preliminary step in this investigation, to divide the fatty acids from 
hog liver fat into three fractions of varying degree of unsatnratiou 
and to compare the effect of these fractions on the symptoms. 

EXPEEIMENI’AL 

Seven and one-half kilograms of powdered dried hog liver were ex- 
tracted with ether in a continuous extractor tor 24 hours. The fat was 
saponified at room temperature in ether solution with loo'll) excess of 
potassium hydroxide in methanol for 24 hours, after which water wa.s 
added and the non-saponiflable fraction removed by many shakings 
with ether. After acidification with HCl, the fatty acids were extracted 
with ether, washed with water, dried with sodium sulfate and the etheu- 
removed in vacuo. The fractionation of the fatty acids was carried out 

^ Aided by a grant from the Josiah Macy> dr., Foundatioiu 
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in accoidaiice witJi the method of Brown and Stoner ('oT) ; namely, by 
preparinjy a 10% solution in acetone, freezing at three different toni- 
IJeratures, filteiing and washing. The following f j-aetions wei-e oldained : 
fraction 1, separated from the acetone solution above — 20'’C., solid 
at room temperature, iodine value 5, amount 2-11 gm. ; fraction 2, 
,se})aruted between — 20‘"C. and — 72°C., liquid at I'Oom temperature, 
solid at O'^C., iodine value 104, amount 216 gm. ,• fraction h, I'omaining 
in solution at — 72‘"tJ., liquid at O'X'., iodine value 242, amount 200 gm. 

The three fractions were tested with grou])s of ten newly jiatchod 
chicks as described by Bam ( ’44), first as 4% supplements to the x'itamin 
E-free diet 182 (without cod liver oil). Xo other fat was given other 
than 1 drop of oleic acid (29 mg.) per animal twice a week as solvent 
for the concenti'ates of vitamins A and J). The fractions were added 
fresh to the diet every day, the bulk of them being kept in vacuo at 0°C. 
during the period of the e.vperiment. The peroxide value of the most 
uuaaturated fraction, determined after the method of King et al. (’38), 
was less than 4 millioquivalents pei' 100 gm. at the end of the experiment 
and the iodine was unchanged. In the case of fraction 3 which proved 
the most active one, the protective action of d, 1-alpha -tocopherol acetate 
was tested, and also the effect of a mnch smaller amount of this fi-action 
was determined, namely, 1 drop (24 mg.) per animal per day during 
the first 10 days, tlie daily dose being increased by 1 drop per animal 
for every subsequent 10-day period. The amount given in this way 
corresponded (o approximately 0.o-0.6% of the diet consumed. 

The met bod of obsei-ving and recording the symptoms was as pre- 
viously de.se ribed (Bam, ’44). The graphs give a survey of the i-esuits. 


RRiSULTS 

The lea.st misalurated fraction 1 (exp. 2) gave only two instances of 
exudate, both fully developed but appearing rather late, and no en- 
c.epbalomalacia. Since neither oleic acid (Bam, ’43, ’44), palmitic, nor 
.stearic acids (unpubisbed findings) give rise to symptoms when fed in 
similar amounts, the exmlates must in this case be attributed to the 
.small amount of highly unsatuvated acids wliich accompanied the 
saturated acids in this fraction. 

Fraction 2, consisting mainly of oleic acid together with small amounts 
of more highly unsaturated acids such as liuoleie, produced both 
exiidates and eneephalomalaeia with about the same fi-eiiueney (exp. 3), 
the exudates appearing somewhat earlier than in ex{.)eriment 2. One 
bird had an intrapericardial exudate, as previously observed (Bam, ’44) 
in ('xi)eriments witli bog liver fatty acids. 
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Fraction 9. consisting' mainly of linoleic and more nnsaturated acids, 
gave a very early onset of severe encephalomalaeia wliieh killed nearly 
all the animals between the tenth and the twenty-first days of the 
experiment (exp. 4). At autopsy some of the birds in this group showed 
redness (fine hemorrhage) of the subcutaneous adipose tissue, which 
is the first stage in the development of exudate and is arbitrarily 
counted as a “half exudate” in the graph. Tlie' deleterious effect of 



< lOPaijs > 

Exp. 1. Diet 182 without cod liver oil 



Exp, 2. Diet as in Exp. I + of fra.ction 1 



Abscissa : days. 

Ordiiiate: number o.t animals. 

Full Hue from bottom : development of exudate. 

Pull lino from top: deaths of animals without exudate. 

Brokt-u line from bottom: development of encephalomalaeia. 
Broken line from top: deaths of animals without euceplialotnalacia. 



in acfoidanee witli llie metliod of Brown and Btonor (';!7) ; naniely, by 
pi-cparinj>' a 10% solntion in aoolone, freezing at three different torii- 
peratures, filtering and washing. The following fractions wore obtained : 
fraction 1, separated from the acetone solution above — 20T1., solid 
at room tenipei-ature, iodine value 5, amount. 241 gun; fraction 2, 
separated between — 20‘^C. and — 72“0., liquid at i-oom temperature, 
solid at iodine value 104, amount 216 gm.; fraction H, remaining 
in solution at — 72''’t/., liquid at Off'., iodine value 242, amount 200 gm. 

The three fractions were tested with groiqis of ten newly hatched 
chicks as doscrihed by Dam { ’44), first a.s 4% snpplemonts to the vitamin 
E-free diet 182 (without cod liver oil). Xo other fat was given other 
than 1 drop of oleic acid (20 mg.) y)er animal twice a week as solvent 
for the concent rate.s of vitamins A and D. The fi-actions wei-e added 
fresh to the diet every day, the bulk of tliem being kept in vaeuo at O'^C. 
during the period of the experiment. The peroxide value of tlie most 
unsaturated fraction, determined after tlie method of King et al. (’36), 
was less than 4 millieciuivalents per 100 gm. at the end of the experiment 
and the iodine was uuehanged. In the ease of fraction 3 whicli proved 
the most aetix'e one, the pi'otective action of d, 1-alpha-tocophorol acetate 
was tested, and also the effect of a much smaller amount of this fraction 
was detennined, namely, 1 drop (24 mg.) per animal per day during 
the first 10 days, the daily dose being increased by 1 clroi) per animal 
for every subsequent 10-day pciriod. The amount give]i in this way 
corresponded to approximately 0.5-0.6% of the diet consumed. 

The method of observing and recording the symptoms was as pre- 
viously described (Dam, ’44). The grapiis give a survey of the results. 

RESULTS 

The least unsaturated fraction 1 (exp. 2) gave only two instances of 
exudate, both fully developed but aj.)pearing rather late, and no en- 
cephalomalucia. Since neither oleic acid (Dam, ’43, ’44), palmitic, nor 
stearic acids (nnpubished findings) give vise to symptoms when fed in 
similar amounts, the exudates must in this case be attributed to tlu; 
small amount of higldy unsaturated acids wbieli aceonqjanied the 
saturated acids in this fraction. 

Fraction 2, consisting mainly of oleic acid together with small amounts 
of more highly unsaturated acids such as ILuoleic, produced both 
exudates and oneephalomalaeia with about the same frequency (exp. 3), 
the exudates appearing somewhat eailier than in experiment 2. One 
bird had an intray)evicHrdial exudate, as previously ()])sevved (Dam, ’44) 
in iixperiments witli hog liver fatty acids. 
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Fraction o, consisting mainly of liiioleic and more unsatnrateci acids, 
gave a very early onset of severe enceplialomalaeia which killed nearly 
all the animals between the tenth and the twenty-first days of the 
experiment (exp. 4). At autopsy some of the birds in this group showed 
redness (fine hemorrhage) of the suhcutanepus adipose tissue, which 
is the first stage in the development of exudate and is arbitrarily 
counted as a “half exudate” in the graph. The' deleterious effec't of 
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Exp. 1. Diel 182 wxth.oui cod liver oil 


. H -A 

Exp. 2. Diet as in Exp. 1 + A% of fraction 1 



Exp. 3 . Diet as in Exp. 1 + of fraction 2 


Abscissa: davs* 

Ordinate: number of aniniais. 

Pull line from bottom : development of exudate. 

Pull line from top: deaths of animals mtbout exudate. 

Broken line from bottom: development of eneepbalomalacia. 
Broken line from top: deaths of animals without eneephalomalacia. 
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fraction 3 was completely prevented when the diet contained lU mg. % 
d, 1-alpha-tocopherol acetate - (esp. 5). 

When fraction 3 was given in relatively small amounts corresponding 
to 0.5-0.6% of the diet (exp. 6), both eneephalomalacia and fully de- 
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Exp.4 Diet ae in Exp. 1+4% < 10 Daxjs > 

of fraction 3 Repetition of Exp. 4 


— .„i t A. 

Exp. 5 Diet as in Exp. 4 +10 m 5 .% 
d, l~alphafocopherol acetate. 



Exp. G.Dkl as in-Exp.l +small ajnount'of fi3ction3(compana text) 


Al>scissa : days. 

Ordinate ; number of animals. 

Pull lino from bottom: devtdopmont of exudate. 

Pull lino from top: deaths of animals witliout exudate. 

Broken Hue from bottom: devolopmont of eneephalomalaeia. 

Broken line from top: deaths of animals without eneephalomalacia. 

■* Ten mg. % is probably far above the limit of the protective dose. This amount was elioseu 
because it has been used with many other diets and always gave full protection With diet 182 
(containing 5% eod liver oil) the limit for protection has been found to lie between 0.625 and 
1.25 mg, % in a 5-week experimeut. 
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veloped exudates occuvred, but these syruptoms appeared more slowly 
than wbeii the fraction was fed as 4% of the diet. Encephalomalacia 
was still the predominant symptom though less so than when 4% was 
given. None of the fractions tested gave encephalomalacia as the only 
symptom. It would nevertheless be of interest to study the effect of the 
individually fatty acids, especially those occurring in fraction 3. 

DISCUSSION 

The following represents a tentative interpretation of the observa- 
tions reported here. As shown in previous experiments (Dam, ’44) 
the time which elapses from the beginning of feeding to the onset of 
symptoms is sufficient for the accumulation of dietary fatty acids in the 
tissue lipids to such an extent that it influences the iodine value of 
the phospholipids, those of brain tissue being less altered than those of 
muscle and liver. It seems likely, therefore, that the presence of a 
certain amount of highlj’ unsaturated fatty acids in the tissue lipids 
(phospholipids or others) is a prerequisite to the development of the 
symptoms. Since the two symptoms are both dependent upon ingestion 
of highly unsaturated fatty acids and preferably affect tissue which is 
rich in lipids (adipose tissue, brain tissue), and since the fi.rst gross 
change in the tissues in both cases consists of fine hemorrhages followed 
by edema or exudation, exudative diathesis and encephalomalacia may 
bo due to the same biochemical disturbance occurring in different 
tissues — • a possibility w'hich has been }‘ef erred to earlier (Dam, ’44). 
It is known that the lipids of brain tissue are influenced less by the 
dietary fat than is the fat of adipose tissue, and it is therefore possible 
that ingestion of a small amount of unsaturated acids will mainly affect 
the adipose tissue or muscle tissue and cause exudative diathesis in this 
tissue when given sufficient time (exp. 2). However, if the brain tissue 
is more sensitive to a certain change of the lipids, the ingestion of a large 
amount of un saturated acids may cause severe cerebellar or cerebral 
disturbances leading to death before the other symptom is fully devel- 
oped (exp. 4). 

The wmy in which the cellular damage is brought about could be one 
of the following: (1) The damage is caused by some abnormal oxida- 
tion of the highly unsaturated fatty acids in the tissue which can be 
pi‘evented by the presence of a sufficient quantity of vitamin E, and 
can, locally, cause the destruction of the vitamin if the latter is present 
in such minute quantity that it cannot halt the oxidation, or (2) the 
j)resence of highly unsaturated fatty acids imparts such physical or 
physico-chemical properties to the lipid phase of the vascular wall, that 
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the lattei’, lateutly clamagetl by tbe absern'o of vitamin E, i.s more ayit 
to give way to bydrostatie and osmotic forces. Tiie jjossibility that 
destnxetioii of traces of vitamin E in the diet tliroiigli rancidity might 
play a role in the development of the .symptoms has already l)(,‘e]i ruled 
out (Dam, ’44). 

The above-mentioned considei'ations do not explain the previously 
observed modifying effect of the protem-carboliydratt.' ratio, lipocaic, 
inositol or cholesterol; neither do they explain the ciuuntitativi? differ- 
ence in the effect of hog liver fat and cod liver- oil on the two symptonns. 

siT.MMAnr 

Three fractions of hog liver fatty acids were te.stod for their effec- 
tiveness in producing exudative diathesis and eneephalomalacia in chicks 
reared on a vitamin E deficient diet. 

'i^dien fed as 4% supplements to the diet, the least niisatuinted frac- 
tion (iodine value 5) had little elfeet and gax''e only exinhites; the iutei'- 
mediate fraction (iodine value 104) gave both exudates and encephal- 
omalacia, whereas the most unsaturated fraction (iodine value 241) 
caused a rapid onset of sev'ere eneephalomalacia and early deatli of the 
animals. The deleterious effect of this fraction could be prevented by 
d, 1-alpba-toeopherol acetate. Wben fed in smaller amounts correspond- 
ing to {).5-0.6% of the diet, the most unsaturated fraction gave both 
exudates and eneephalomalacia. 

The significance of the incorporation of dietary fatty acids in tissue 
lipids as a prerequisite to the symptoms is discussed. 
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MEAD JOHNSON AND COMPANY 
‘B-GOMPLEX’ AWAED 


Nominations are solicited for the 1945 A^vard of $1,000 
established by IMead Johnson and Comjjauy to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nutrition and the formal presentation 
will be made at the annual meeting of the Institute at Cleveland 
on May 8, 1945. 

The Award will be given to the laboratory (non-clinieal) 
or clinical research worker in the ITnited States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year January 1st to December .list the 
most meritorious scientific report dealing with the field of the 
‘B-complex’ vitamins. While the award vdll he given primarily 
for publication of specific papers, the judges are given con- 
siderable latitnde in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may he 
recommended that the prize be divided between two or more 
persons. It may also be recommended that the award be made 
to a worker for valuable contributions over an extended period 
but not necessarily representative of a given year. Member- 
ship in the American Institute of Nutrition is not a requisite 
of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1944 must be in the hands 
of the Seci'etary by Jairaary 15th, 1945. The nominations 
should be accompanied by such data relative to the nominee 
and his research as will facilitate the task of the Committei' 
of Judges in its consideration of the nomination. 

Arthur H, Smith 

Wayne V^nwersitii College of Medicine 
Detroitf Michigan 

Recretary, American Institttte of ISTittrition 
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The Aiuerican Institute of Nutiitiou will make this award 
ill recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritivi; 
significance of the components of milk or of dairy products. 
The award moU lie made primarily for the pnhlication of 
specific papers, but the judges may recommend that it he 
given for important contributions over an extended period of 
time. The award may be divided between two or mor(^ investi- 
gators. Employees of the Borden Company arc not. <‘ligihle 
for thi.s honor. 

The formal presentation ■W’lll be made at tlie annual meeting 
of tlie Institute at Cleveland, May S, 1945. To lie considered 
for the award, nominations must be in the hands of the Chair- 
man of the Nominating Committee by January 1.5, 1945. The 
nominations should he accompanied by sncli data relative to 
the nominee and his research as will facilitate consideration 
for tlie award. 

Pktiijekick J. Btake 
Harvard MeMcal School 
Bofdrni , Ma.^sarh'V.<icH.^ 

Chair m ax, Now ixatixc Com i ty m 



THE NUTRITIONAL SIGNIFICANCE OP INOSITOL 


D. W. WOOLLEY 

Lii})oraiories of the HocJoe feller Institute for Medical Tt: fieordi, New Yuri;; 
(Eeeeived for piiblicJitloii June 29, 1044) 


During tlie past few years interest in the nutritional properties of in- 
ositol has increased to such an extent that a review of j^ublished work in 
this field has seemed advisable, not only to survey and evaluate what 
has already been done, but also to delineate some of the paths that 
future investigators may find profitable. Limitations of space will not 
permit an exhaustive review of the subject of inositol, and hence the 
role which this substance plays in intermediary metabolism as well 
as some physiological and chemical considerations of interest must be 
passed over. An attempt will be made, however, to summarize briefly 
present knowledge of the requirements of various species for inositol 
in the diet. 

INOSITOL AS A MICROBIAL GROWTH FACTOR 

The earliest observation on the nutritional significance of inositol 
was that of Eastcott (1) who isolated a growth stimulant for yeast 
from tea, and showed that it was meso-inositol. Eastcott’s ob.servation 
did not at first find ready acceptance (2), possibly due to inadequacies 
in biotin and pantothenic acid (2, 3) of some of the basal media used, 
but now has been amply confirmed and is used as the basis of the quanti- 
tative method for the estimation of inositol (4). 

Several other fungi have been shown to require inositol for maximal 
growth (5, 6, 7), but thus far it has not been demonsti'ated to be re- 
quired by any bacterial species. Indeed, many bacteria do not contain 
the substance in detectable amounts (8, 9), although certain others, 
notably Pseudomonas and sev’eral sporeforming species, contain con- 
siderable quantities. If this failure to detect inositol in several bacteria 
really is due to its absence from these forms and does not merely 
represent lack of sufficient sensitivity of the assay procedure, it con- 
stitutes an exception to the theory now current that all those water- 
soluble vitamins which are not required in the medium are synthesized 
by the cell. 
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II^OSITOL AS A mi<7rAl?Y ESSENTTAu EOB ANIMALS 

Mice 

Tile present intei’est in the nutritional sigiiilicaiiee ot inositol steins 
from the work of Woolley who in 1940 (10, 11) showed that a disease of 
mice of dietary origin, characterized by marked alopecia and retarded 
growth, was cured by inositol. A striking sigii of the disease was the 
pattei'n of the alopecia (12). Hair was never lost from the head or tail 
or from the legs below the knees, while the areas of loss of hair on most 
other parts of the body were bilaterally symmetrical and in these areas 
the alopecia was nearly complete. In contrast to these iindings Martin 
(13) observed only slight alopecia in mice fed a diet deficient in inositol. 
Woolley (9, 14) observed tliat tlie incidence of signs of inositol defi- 
ciency was usually not abo\'e 50% and that the amount of pantothenic 
acid in the diet had a marked influence on the appearance of the con- 
dition. Thus, in the absence of pantothonic acid, alopecia developed 
even though the ration contained adequate inositol. However, in the 
presence of large amounts of pantoi Lienie acid and in the ahseaee of 
inositol some animals still developed signs of inositol deficiency, and 
died unless the latter compound was administered. Analyses of the mice 
for inositol showed that the level fell to about half the normal value 
in the carcasses of affected animals (9). 

While not of importance nutritionally, the work of Laszlo and Leneh- 
tenberger (15) is of interest. These investigators reioorted that tile 
daily intravenous iujeeiion of minute amounts of inositol prevented 
the development of transplanted tumors in mice. Strangely enough the 
effect was only observed following intravenous administintiou and was 
not seen when other routes were employed. 


Rats 

Shortly after the demonstration of the effect of inositol on alo])ecia 
in mice the inflnonce of this substance on various experimental diseases 
of I’ats was examined. Gavin et al. (16, 17) reported that a typo of fatty 
liver of rats induced by the feeding of biotin concentrates was treated 
successfully with inositol. Since that time several other investigators 
(18, 19) have observed beneficial effects of inositol on fatty livers in 
rats even when the fatty livers were produced without the aid of biotin. 
A lipotropic action of inositol in man under certain conditions has been 
reported (20). Paveek and Baum (21) stated that the alopecia around 
the eyes seen in certain deficient animals (the so-called “spectacle eye”) 
was promptly cured with inositol. Subsequently Nielson and Elvelijem 
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(22) were inclined to view “spectacle eye” as a specific sign of biotin 
deficiency not curable by inositol. 

There are data which indicate that the rate of growth of rats fed an 
otherwise adequate, highly purified diet is increased by inositol (18). 
On the other hand, rats have been raised to maturity on a diet free of 
inositol (23,24). Martin (25) reported that the addition of p-aniinoben- 
zoic acid to a highly purified ration produced'a syndrome characterized 
by poor growth and changes in fur which was preventable by inositol. 
Somewhat analogous effects have been observed by others (2G, 27). 
Curiously enough, the diet when supplemented with neither p-aniino- 
benzoic acid nor inositol was adequate for the rats. Furthermore when 
this ration was supplemented with inositol alone a definite deleterious 
effect was observed which was prevented by p-aminobenzoic acid. 

Sure (28) presented data which indicated that inositol and p-amino- 
benzoic acid, especially the former, when fed to mothers receiving 
a highly purified diet, considerably improved the percentage survival of 
newborn rats. In a subsequent paper (27) Sure attributed the action 
largely to p-aminobenzoic acid. Climenko and McChesney (29), on the 
other hand, attributed the action largely to inositol. 

When diets of more complex nature than the ones in the above 
studies were used, a striking, beneficial effect of inositol on rats was 
observed by various workers. Thus Cunha et al. (30) found that when 
rats were fed a diet made up largely of coni, soybean meal, salts, and 
alfalfa, they grew suboptimally and developed alopecia, similar in dis- 
tribution and cbaracter to that oliserved hy Woolley in inositol-de- 
ficient mice. That the syndrome represented inositol deficiency in xat.s 
was readily demonstrated by feeding this compound. Shortly after the 
appearance of this paper Nielsen and Black (31) showed that when rats 
were fed a highly imrified diet containing all of the known vitamins 
including biotin and folic acid, and sulfasuceidine, they failed to grow 
optimally and developed alopecia. G-rowth was restored and alopecia 
prevented bj'' administration of inositol. The sulfonamide bad in some 
way brought out a need for inositol. 

Cotton rats 

Mclntire et al. (32) reported that the addition of inositol to a highly 
purified diet practically doubled the rate of growth of cotton rats. 
This is the greatest effect on growth rate which has been observed 
with any species in which highly purified diets supplied with ample 
amounts of the knowm vitamins (and not supplemented with sulfona- 
mides) were used. 
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Guinea pigs 

Hog'aii and Haiiiiltoii (33) observed that the I'ate of growth of guinea 
pigs fed on a partially purified diet was increased by the addition of 
inosiiol. 

JIamsfers 

Hamilton and Hogan (34) re]»oi-te<l Unit, while the rate of growth of 
hamsters was not inci'oasi-d i)y inositol, iliose animals raised on the in- 
ositol-deik-ienf diet had difiieidty in reproduction. TvEaiiy of the yoking 
were !)orn dead or as bloody slia])eless massi's, and some of the, mothers 
snecuinii M‘<1 during parUirition. Animals fed inositol ditl not show these 
signs. (hKip(‘rntan et al. (33) observed increased rate of growth in 
hainst(>i‘s following addition of inositol to a |)nritied diet. 

CIiiclcfnH 

Hcgslod et al. (3(1) reporied that the rate of gTowth of chicks fed a 
partially purified diet was increased slightly by addition of inositol. 
Ham (37) observed tliat inositol added to a tocopherol-deficient diet 
prevented eucephalomalacia and exudative diathesis — two signs fre- 
quently seen in tocopherol-deficient chicks. In this connection it is in- 
teresting to speculate whether the substance in soybean oil reported to 
be necessary in addition to tocopherol for the cure of tocopherol defi- 
ciojicy in chicks (38), may not lie lipositol (39) the inositol-containing 
phosphalide which is present in large amounts in soybeans.^ 

SVKTIIESIH on IX'O.SITOn BY ANIMALS 

In considering tlu* nutritional significance of inositol it is necessary 
to note iJiat sevei’al species of animals have been shown to synthesize 
the compound. Vbild in 1858 (40) was able to isolate quantities of inositol 
from tlui nrine of a man ivith diabetes insipidus far in excess of the 
amount we now know could have been ohtainial from the food. Tho extra 
inositol excreted prolialily arose from synthesis, or possibly from tissue 
breakdown. Fcdlowing this load, Needham in 1924 (41) showed that 
rats rendered polyuric by administration of salt excreted more inositol 
than was ingested. Since the excretion of tliis excess of inositol con- 
tinued over long periods, it was concluded that the rats were sjmthe- 
sizing the substance. Ti^oolley (9) demonstrated tliat mice fed a syn- 
thetic diet frequently sjuthesizod inositol in amounts almost equal to 
the minimal effective dose of tlic eomiionnd for this species. At least 
one ]K)int of origin of this syntiiesized inositol was shown to bo the in- 

‘Patrii-k Iuih (Oibsdu Lslaml Coal’er(;ii('<‘, Ifi-W) recoguizi'cl that this effoet is irievely 

dui' to tlif aiitioxiihuJt action of various jdiosphalidos. 
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testinal flora of the mice. Needham (42) and Snell and Qnarles (43) 
reported that dining the incnbation of eggs considerable inositol was 
synthesized. However', Woolley (44) showed that these observations on 
eggs were in error dire to inadequacies of the methods of analysis u.secl, 
and that what actually occurred during incubation was the conversion 
of an inositol compound into fi'ee inositol. 

IB INOSI'l’OL A DTETATtY ES.SENTIAL? 

it is fjuito evident that there is no unanimity of opinion as to whether 
or not inositol should be regarded as a dietary essential. The fact that 
several workers have been able to obtain good growth of rats, mice, arrd 
chicks when these animaks ivere fed highly purified diets very low in or 
devoid of inositol, and the fact that some of these species have been 
shown to synthesize inositol, mrrst be pitted against the fact that several 
groups of workers have beerr able to observe moderate or marked bene- 
ficial results from the addition of inositol to the diets of mice, rats, 
guinea pigs, hamsters, cotton rats, and chicks. Several, but not all, 
of the less well marked responses and all of the failures have been ob- 
served in animals fed highly purified diets wherein it is customary 
to include amounts of the pure, water-soluble vitamins considerably in 
excess of the levels of these which occur in natural diets. Fui’thermore, 
there may be substances in natural foods which, although not themselves 
necessary to the species under investigation, nevertheless exert a 
marked iiifiuence on the need for exogenous inositol. Thus, Gavin and 
McHenry (IG) showed tliat the addition of biotin to purified diets for 
rats caused the production of a disease (fatty livers) which was due to a 
dietary deficiency of inositol. Woolley (9, 14) showed that the incidence 
of alopecia as a sign of inositol deficiency in mice was in some measure 
depeudeut on the amount of pantothenic acid fed. In this connection, 
too, it is of interest to recall that Cunha et al. (30) observed their clear- 
cut case of inositol defieieuey in rats not on a highly purified diet, but 
rather on one compounded from natural foodstuffs. Finally, in con- 
nection with the question of syntliesis of inositol, it must be recalled 
that rats are able to synthesize clioline (45) even though it can be 
demonstrated that they require choline or other suitable source of labile 
methyl groups in the diet. 

The production of inositol deficiency in rats fed a highly purified diet 
plus sulfonamide drugs (31) indicated either that the'se drugs in- 
creased the demands of the organism beyond its synthetic capacities 
or that the intestinal microorganisms which were checked by the drugs 
were acting as a source of inositol. The demonstration in mice that in- 
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ositol-syjitliesiKiiig mieroorgaiiisins were present in the intestinal tracts 
of animals wliidi did not exhibit signs of deficiency, or of tliose which 
cured spontaneously, but were not detectable in animals with signs 
of the deficiency (9) may lend sn])port to the hypothesis that failure 
to observe inositol deficiency is due to the presence in the intestinal 
tract of bacteria, wlrich syntliesize the compound. Howe\nr, much more 
work will have to lie done liefore this postulate can be regarded 
as eshiblished. 

There are, finally, the several instances in which different groups of in- 
vestigators have noted rather marked henelieial effects of inositol on 
several species of animals fed on highly purified diets. In some of these 
ea.ses deatii resuHcd unless inositol was present in the diet. These ob- 
servations were referred to in tlie preceding sections. 

3METHODS OF AN.4LYSIS 

The most satisfactory method for the analysis of inositol now’ avail- 
able is that which depends on the fact that inositol is a stimulant of the 
growth of Saecliaromyces cerevisiae (4). It is specific, rapid, relatively 
accurate, and allows the separate estimation of both free and total 
inositol (9). Furthermore, it has the very considerable advantage that 
since it requires only minute amounts of inositol, very small samples 
of tissue sufiice for a determination. Williams et al. (46) proposed a 
someAvliat similar method, but it suffers from the fact that enzymic 
hydrolysis of the sample is employed to free combined inositol. One of 
the forms in which inositol occurs in tissues, namely lipositol (39), is not 
readily attached by enzymes. 

Several chemical methods have been advocated for the estimation 
of inositol. TJjo combustion method of Needliam (47) lacks specificity 
and does not determine some of the eomhined forms. Young (48) pro- 
posed a method based on the reaction of inositol with potassiiun iodo- 
mereurate, but the procedure is lengthy, requires large samples of tis- 
sue, and may lack specificity since many polyhydroxy compounds react 
with the reagent. Platt and Gliock (49) have advocated a method based 
on the fact that inositol, like other glycols, reacts with periodate. Steps 
were introduced to eliminate other naturally occurring glycols from the 
tissue extract before analysis. The results on comparable animal tis- 
sues were in reasonable agreement with those reported from the use 
of the yeast-gi’owth method. 

STRUCT HEAL SPECIFICITY OF INOSITOL ACTION 

The only compound which has yet been found to have appreciable 
inositol action for the growth of Saccharomyees cerevisiae is meso- 
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inositol (3). Some slight activity was shown hy mytilitol, a methyl in- 
ositol obtained from mussels (50), and for inositol monophosphate. 
d-Inosito], 1-iuositol, the monomethyl ethers of these compounds, i. e., 
pinitol and quebrachitol, quercitol, quinie acid, inositol hesaaeetate, 
phytin, inositol tetraphosphate, soybean lipositol, and inosose were in- 
active for the yeast. In mice, the results were similar excejpt that the 
esters of inositol, namely, phytin, inositol hexaacetate, and soybean 
lijiosilol were active. These facts are important because most of the 
ahoie eonqiound.s occur naturally (see below). It is therefore necessary 
to know wliieh of them are of importance nutritionally. Also, since the 
esters of inositol are active for the animal but not for yeast, it is es- 
sential to convert these esters to the free compound before proceeding 
to measure the inositol content of foods hy the yeast-growth method 
if a true evaluation of the foods is to he had. 

It must be inferred from the results of Cunha et al. (30) that the in- 
ositol of phytin is not available to the rat. The ration which they used 
must have contained considerable phytin. If this inference is correct, 
the rat differs from the mouse in this respect. 

CHEMICAL STEITCTURE OE INOSITOL 

For a substance w'hieh has been under investig-ation for as long as 
inositol, it is rather siu'prising- to realize that its complete chemical 
structure has been established only within the last 2 years. The reader 
will infei' that there were special problems involved in order that this 
sliould he so. It is beyond the .scope of tliis review to go into the stepis 
hy wliich the structure was finally established, hut reference must lie 
made to the work of Posternak (51) and of Dangschat and Fischer (52) 
who .showed tJiat the 6 hydroxyl groups are arranged about the cyclo- 
hexane ring in .such a manner that four are below the plane of the ring- 
and two are aho\'e. The two hydroxyls that are above the ring are in 1, 3 
po.sition. 

NATURAL OCCURRENCE OF INOSITOL AND ITS DERIVATIVES 

A number of isomers and analogs of inositol occur naturally, but since 
they do not exhibit inositol action nutritionally, only their existence 
will be noted here, and the reader will be referred to various handbooks 
.such as that of Klein (53) for more extensive infoi'mation. 

Meso-inositol itself occurs in nature in at least four forms : free in- 
ositol, phidin, lipositol, and a water soluble, non-dialyzable complex. 
Free inositol has been isolated from both plant and animal sources. 
Plijdin, the calcium and magnesium salt of inositol hexaphosphate, was 



312 


D. W. WOOLLEY 


thought of until recently as an exclusive plant constituent. Its presence 
in many seeds has been known for decades. HoAvever, Rapoport (54) 
has shoAvn that the erythrocytes of species such as the chicken and 
turtle in wliich these cells are nucleated contain appreciable quantities 
of phytin. 

Inositol as a constituent of special phosphatidcs has been known 
from the woi'k of Anderson (55) who isolated it from the phosphatides 
of the tnhercle bacillus, and from the work of Klenk and Sakai (55) 
who obtained inositol monophosphate from soybean ijhosphatides. The 
widespread occurrence of inositol in phosphatides, however, was seen 
when, .Folch and Woolley (57) shoAved that it was combined in the 
ceijhalin fraction of brain and spinal cord and thus recognized a neAV 
inositol-containing pliosphatide in animal tissues. Although the pure 
phosphatide has not yet been obtained from animal sources, a similar 
compound has been isolated from soybeans (39) and shoAvn to be com- 
posed of inositol monophosphate in glycosidic linkage with galactose, 
and combined with ethanolamine, tartaric acid, oleic acid, and saturated 
fatty acids. It Avas named lipositol. 

The occurrence of inositol as an integral part of a phosphatide and 
the role of inositol in the prevention of fatty livers bring to mind the oc- 
euri'enco of choline in a phosphatide and its Autamin-like action in pre- 
vention of fatty livers of a different character. Perhaps the formation 
of lipositol is one of the^uses to which dietary inositol is put by the 
animal. 

The existence of an inositol complex in heart muscle has seemed prob- 
able fi’om the early ohserv’ations of Rosenherger (58), but it aauis not 
until Wilder’s work (59) that this complex Avas demonstrated by con- 
trolled experiments. During autolysis of lieart muscle of certain species 
the complex Avas broken doAAui to free inositol. It does not seem prob- 
able that this complex in heart muscle is lipositol since that organ is Ioaa' 
in this compound, and since lipositol is not readily hydrolyzed during 
autolysis of tissues. Woolley (11) recognized a Avater-soluble, non-dialy- 
zable inositol complex in liver, and shoAved (9) that inositol complexes 
were present in most of the tissues that Avere examined. 

Mo.st plant and animal tissues thus far examined haAm been found to 
contain hetAA'oen 0.05 and 0.5% of total inositol on a dry Aveight basis 
(4, 60). Heart Avas the richest natural source since 1.6% of the dry 
Aveight of this organ was found as inositol. In the f eAv tissues Avhich have 
been analyzed, approximately one-half of the total inositol was free 
(9), aithongh the proportion which was uncombined varied from tissue 
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to tissue. Tlie amount of total inositol in many natural diets is of tlie 
.same order of magnitude as that which lias been found to prevent signs 
of inositol deficiency in the various species exaniinod. 
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THE EFFECTS OF SUGAES ON THE EESFIEATOEY 
EXCHANGE OF CATS* 


TTIOKNK M. ('Al{,HEj\TER 

Niiirition Lahonilo.rif, CaiiirgU: fu,^{i(i(liou of Wa^lmigton, Bo.slon, Mn.'^sdchu^^otL^ 
(Koeeived for piiblioiitioH Jmic 10, 1044) 


In onr general program of reseai’cli on tli(i variations in tlie respir- 
atory (|un1 iont and in tlie total metabolism of clifterent species of animals 
after tbe ingestion of sugars, the cat has beeji studied as a representative 
of the Carjiivora. Usually the diet of the cat is mainly of animal origin, 
although domesticated cats can he trained to eat foods of plant origin. 

METHODS AND PROCEDURE 

The respiratory exchange of five nearly adult or fully grown cats 
■was determined by the open-circuit method, proportionate samples of 
the ventilating air current being collected in the Fox bag (Carpenter 
and Fox, ’31a) and subseciuently analyzed by means of a gas-analysis 
apparatus (Carpenter, ’33). Tbe gas-analysis apparatus wms standard- 
ized daily by analyses of samxdes either of outdoor air or of air in 
which ethyl alcohol was burning. The average resifiratory quotient 
of 129 samples of air jiassiiig over burning alcohol ■was 0.6(55 wnth a 
standard deviation of + 0.0059. 

The res]nration experiments " ■were made from 1(5 to 24 hours after 
food had been removed from the cats. The room temperature at wliieh 
the cats were kept prior to the experiments varied according to the 
season, hut the measurements of respiratoi’y exchange were made at 
environmental temperatures between 20“ and 28”C., u.sually 22° to 
26° C. Observation.s "were made during eight successh''G 4-hour periods 
under basal conditions (no dose), after ingestion of 75 ml. of water 
as a control, and after ingestion of 10 gm. of glucose, fructose, galac- 
tose, lactose, maltose, or sucrose, and combinations of 5 gm. each of 
glucose and galactose or of glucose and fructose. The sugars were dis- 
solved in 50 ml. of water at 37°C. and gh^en by stomach tube, and 25 

^ A preliminary repoH lias been i>resented in tlie Federation Proceedings, %*oL 3, p. 93 (44)» 
^The respiration experiments were earried cmt witli tbe teelmical assistance of Mr. Basil 
James. 
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ml. of water was used to rinse the funnel and the tube. The measure- 
])ients of the respiratory exchange were usually begun about 20 minutes 
after the feeding. 

All the eats were male except A. Cat G was old, not in good phj’sical 
condition, and finally died of some pulmonary difficulty. 

In the eompaiisons made in the following pages between cats and 
man, the statements regarding man are based on reports previously 
published by Carpenter and Fox ('30a, ’30b, ’31b, ’31c), Carpenter 
and Lee ('32a, ’321), ’37a, '37h, ’37e, ’38), and Root and Carpenter (’42). 


RESULTS 

Respiratory qiiofient (li. Q.) 

The average i'espiratory quotients in the successive -1-hom' periods 
of measurement with the different cats are shown in table 1, grouped 
according to the type of expei-iment. Under l)asa] eonditimis the aver- 
ag<‘s for the g]-oup \'aried in the eight period.s from 0.76 to 0.77. The 
widest range in the average values foi- tlie individual periods was from 
0.74 with A to 0.78 with 0 and W. There was only a slight tendency 
toward a fall in quotient in the 4 hours. The average respiratoi-y quo- 
tients for 4 hours on tlje 6 different days of measurement on each cat 
vai-ied from 0.73 to 0.78 with A, from 0.72 to 0.80 with IM, from 0.72 
to 0.82 witli (), and from 0.73 to 0.81 with W. Variations iu the ha.sal 
\'alues of the R. (). of cats reported in the literature are somewhat t!ie 
same as these or greater. Tlio average values in table 1 agree most 
nearly Avdtli those of Ring (’35). 

The effect on ihe R. (^. of the ingestion of water was only slight, on 
the average. This slight effect was most noticeable in gemu-al iu thi> 
first 1-liour period, although, it persisted with Gr for the entire 4 hours 
and with for 3 hours. The otlier cat.s showed little or no effect of 
the ingestion of water. In a few of the individual periods on particulai- 
days, the R. Q. values after water were lower than on the basal days. 

The effect of the ingestion of It) gm. of glucose was noticeable in all 
periods. The average R. Q. for this grou}> of experiments was 0.78 in 
the first period, and the average peak was 0.89 in the sixth and seventh 
periods. Both A and (I had higher R. Q. values, on the average and in 
individual experiments, than did the other tliree cats. These two ani- 
mals were also the lowest in body weight. In two experiments with 
cat. 0 and in one experiment with cat A the measurements were con- 
tinned for 7-1 hours. In these particular eximriments the maxinunn E. Q. 
with A was 0.85 in the fonrth, fifth, and sixth periods, hnt with O the 



TABLK 1 


Avfnuie rcfspiratory qi(.(Hie}ii.s of eai.^ as affected hy iiujei<tinii of suyar. 


OONMTION 1 ANP CAT 

NO. 

OP 

BOi>y 

WEIGHT 


mM.F'HOUn PKIIIGUS APTiai liGHE 


KXVTS. 

(KG.) 

13 

2 

;! 

4 

5 

6 

•7 

8 

Bubial 

A 

6 

2.8 

0.76 

(),7n 

6.76 

0.76 

0.76 

0.76 

0.75 

0.74 

G 

3 

3 2 

0.77 

0.76 

0.76 

0.77 

0,76 

0.76 

0.76 

0.75 

U 

6 

4.2 

0.75 

0,75 

6.76 

0.76 

0.76 

0.76) 

0.77 

0.77 

o 

6 

3.9 

0.78 

0.76 

0.77 

0.76 

0.77 

0.77 

0,78 

0.76 

w 

fi 

4.2 

0.78 

0,77 

0.77 

0.77 

0.76 

(676 

0.76 

0.75 

Wider ^ 











A 

5 

3.1 

0.77 

0.76 

0.77 

0.76 

0.75 

0.75 

0.75 

0.74 

G 

.) 

3.5 

0.78 


o.su 

0.79 

0.78 

0.78 

0.78 

(».78 

M 

6 

4.3 

0.76 

0.76 

0.77 

0.77 

0.77 

0.77 

0.77 

0.75 

O 

<> 

4.0 

0.77 

0.75 

0.75 

0.75 

0,75 

0.74 

0.75 

0 . 7:1 

W 

5 

4.3 

0.82 

0.79 

0.79 

0.78 

0.77 

0.77 

0.76 

0,75 

Glurcse ^ 











A 

7 

3.3 

0.7S 

0.83 

0.S7 

0.89 

0.92 

0.91 

0.S9 

0.S4 

G 


3.5 

0.81 

0.87 

0.93 

0.94 

o.no 

0.05 

0,i)4 

0.93 

U 

6 

4.3 

0.77 

0.79 

0.82 

0.83 

0.82 

0.87 

0.87 

0.86 

0 

7 

4.0 

0.77 

0.76 

0,80 

0,81 

0.83 

0.S5 

0.86 

0.88 

w 

0 

4.4* 

0.79 

0.78 

0.81 

0.83 

0.85 

0.87 

0.88 

0.88 

Fructose ’* 











A 

(> 

3.3 

0.70 

0.81 

0.85 

0.86 

0.86 

0.84 

0.82 

0.79 

0 

4 

3.5 

0.78 

0.85 

0.87 

0.88 

0.87 

0.87 

0.86 

0.85 

H 

0 

4.4 

0.74 

0.77 

0.82 

0.83 

0.83 

0.83 

0.85 

0.82 

(i 

6 

4.0 

0.77 

0.76 

0.78 

0.79 

0.80 

0.81 

0.82 

0.81 

IV 

7 

4.5 

0.80 

0.77 

0.79 

0.81 

0.82 1 

O.Sl 

O.Sl 

0.80 

Gil lactose ^ 











A 


3.1 

0.77 

0.81 

0.84 

0.82 

0,84 1 

1 0.84 

0.S4 

0.83 

G 

3 

3.4 

0,84 

0.88 

0.91 

0.91 

0.91 

0.88 

0.87 ^ 

0.87 

U 


4.2 

0.73 

0.76 

0.80 

0,8.1 

0.81 1 

0.S2 * 

0.82 1 

0.80 

0 

5 

4.0 

0,77 

0.77 

0,80 

0.81 

O.Sl 

0,82 

0.82 

0.81 

\v 

0 

4.5 

0.81 

0.77 

0.79 

0.81 

0.83 

0.82 

0.S3 

0.83 

Sucrose 









1 


A 

3 

3.4 

0.75 i 

0.78 

0.84 

0.86 

0.80 

0.88 

0.88 I 

0.87 

(k 

1 

3.5 

0.S6 

0,94 

0.96 

0.96 

0.97 

0.93 

0,95 : 

0.91 

Alaltoso ^ 











A 

o 

3,5 

0.78 

0.80 

0.85 

0.S7 

0.91 

0.90 

0.90 

0.86 

Kl 

3 

4.1 

0.75 

0.75 

0.78 

0.80 

0.80 

0.82 

j 0.85 

0.84 

LiH't<»se 

0 

3 

3.8 

0.74 ; 

0.77 

0.7S 

0.79 

0.80 

0.80 

i 

j 0.78 

0.78 

AV 

3 i 

4,4 

0.S4 : 

0,77 

O.Sl 

0.83 

0.83 

0.S4 

1 0.83 

0.82 

Glucese -f" 
giilactese 









i 


IV 

3 

4.5 

0.80 ' 

0.77 

0.81 

0.84 

0.86 

0.85 

0.S8 

0.88 

Glucose + 
friiidose ® 

A 

o 

i 

3.3 i 

i 

i 

0,76 i 

0.82 

0.87 

0,90 

1 1 
i 

i 0.04 

0.93 

0.89 

0,84 


^Without food 16 to 24 iioiu’s at start of eadi exiieriinent. 

^ The first i-lioiiT ]>i*riod began about 20 mins* after tlia dose. 

^75 ml. of water at 37''C. 

^ 10 gm. of sugar in oU ml. of water at 37® plus 25 ml. of w^ater for rinse. 
*5 gm. of each sugar in the usual amount of water. 
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itiaximim values were 0.92 and 0.89 in the tenth period. At the end 
of fifteen i-hour periods the K. Q. with A was 0.76 and with 0 was still 
0.84. With eats, therefore, the effect of glucose can last at least 7i 
hours. 

The effect on the R. Q. of the ingestion of 10 gm. of fructose was 
noticeable by the second period and, in general, was at its peak 
(group average, 0.84) in the fifth period. Again the most marked ef- 
fects were with A and G. In one experiment with 0 the measurements 
were continued for 7-2- hours. At the end of that time the B. Q. was still 
0.79. Hence 10 gm. of fructose may produce a rise in the R. Q. of the cat 
lasting nearly 8 hours. The rises in value of the R. Q. of these cats after 
fructose were not so large as those after glucose and were not nearly 
so large as those noted with man after 50 and 100 gm. of fructose. 
Also the peak effect with man usually occurs by the end of the first 
hour. 

The rise in B. Q. after the ingestion of 10 gm. of galactose was 
noticeable in the second period and reached its peak, on the average, in 
the fifth, sixth, and seventh periods. Again A and G had the greatest 
rises, and with G the peak was 0.91, which is higher than the peak 
with this cat after fructose. One experiment with 0 of 7i hours’ du- 
ration gave an R. Q. of 0.80 in the last i hour. The rises in the R. Q. 
values of the cats were, on the whole, not so large nor so pi-ompt as 
those with man after 50 gm. of galactose. 

The ingestion of 10 gm. of sucrose was followed by a rise in R. Q. 
to 0.97 in the fifth period in one experiment with G and to an average 
of 0.88 in the sixth and seventh periods in two experiments with A. 
On the whole, when the experiments are assessed individnally, it is 
evident that the rise was not so large as with glucose with either 
animal. 

Maltose produced a greater rise in R. Q. in two experiments with A 
than did sucrose, although the rise was not so large as with glucose. 
In three expeiuments with M there was a rise in quotient with maltose 
but not so large as that with glucose. 

The ingestion of 10 gm. of lactose was followed by a rise in B. Q. 
to an average maximum of 0.80 in the fifth and sixth periods in tAvo 
experiments with 0, and to 0,84 in the sixth period in three experi- 
ments with W, In the individual experiments with W there Avere maxi- 
mum values of 0.88 and 0.87 in the sixth period. The general average 
for the three experiments Avith W is lowered by one experiment in Avhieh 
the average R. Q. for 4 hours was 0.78. 
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lu tlii’cu oxperiujcJits witii W witJi ”> gni. oJ: glucose plus 5 gni. ot 
galaelosi* uipproAiuuitely 10 giu. of lactose), the I’ise was as large as 
with glucose alone and lai-g'er than witli galactose alone. TLterefoi'e, 
ns lias heen found by others (Folin and Jlergliuul, ’22; Bodansky, ’23; 
Harding and Grant, '33), the addition of giueose to galactose irnprotuHl 
tlt(i metabolism of gaiueiose, 

Tln^ ingestion of ;.m apj>roxh.nate ounivalent to 10 gni. of Bucrose 
(b gni. each of glucose and fructose) in two experiincuits with A. was 
followed h.y an average rise in It. Q, to O.iH- in the fifth period, tvhich 
is evmi greater Ilian the rise after ingestion of 10 giii. of glueosf; 
hy the same animaL The effeet of the coinbijiation of sugars was 
greater than that of 10 gni. of sucrose alone. 

Toial metabolism and rarhoJiijdrate nudaholizad 

The average values for the total volumes of carbon dioxide elimi- 
nated and oxygen absorbeil in the various groups of experiments with 
each cat are given in table 2. In general, these average values were 
lower under hasa! conditions than under the other conditions. No at- 
tempt has been made to assess the eftVets of ingestion of the sugars 
on the metabolism of (mergy. In most of the experiments the cats 
were quiet for the greater part of the time, but occasionally there were 
periods of marked activity. Htudy of the original protocols shows that 
it AYOiild be dillicnlt to assess the values in relation to relative activity, 
lleiict' it seems best to report tlte total inoasnromonts as made, rather 
than to select periods arbitrarily and empirically and try to interpolate 
for tiuH jii'riods ri-jected. The values are therefore given as measured 
and can he used l‘or purposes of calenlation hy other Avorkors. 

The main pniqiose of tliis study Avas to determine the eifeets of in- 
gestion of various sugars u])ou the R. Q. and the metabolism of 
carbohydrates. Galenlation of the amount of carbohydrate metabo- 
lized might bo carried out simuh' Iia^ ai>nortloning tbe metabolism be- 
tween that of eai-boliydrate and that of fat, according to the total 
respiratory excliange. This method of calenlation, hoAveAmr, aatiuM give 
too high values, hecatise the metabolism of protein Avas not considered. 
ITsnally it is estimated tliat from 10 to 15% of the total energy output 
is derived from tlie metabolism of protein. As the cat is a carnivorous 
animal, it would under natural conditions liaA^e a predominantly pro- 
lein melaholism. These animals Averc fed on canned salmon, mackerel, 
liver, beef, and milk. Therefore the proportion of the total metabolism 
represented by the protein metabolism must have been higher than 
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TABLE 2 

Total mctahoUsm^ T. Q., and calculated carbohydrate metaholism of cats m affected by 
ingestion of 10 gm. of sugar. 

(Average values per 4 hours) 


CA*? 

TOTAU METAROT.ISM 

B. Q. 

OARB0- 

AWI> 

coNnmoN 

COa 

Oa 

Total 

Non- 
protein ^ 

HYBBATE 

iEBTABU- 

lAZEU 

A 

! iters 

liters 



am. 

Ibisal i 

8.92 

1 5.2(} 

0.75 

0.71 

0.0 

Wat,er 

4.40 

1 5.81 

0.76 

0.71 

i 0.0 

Glucoso 

4.75 

5.49 

0.87 

0.92 

2.4 

Enietose 

4.70 

5.72 

0.82 

0.84 

1.5 

0 a lactose 

4.72 

i rt 7A 

0.83 

0.84 

1.6 

Hiicroso 

4.14 

4.93 

0.84 

O.SS 

; 1.5 

Maltose 
Glucose ”|- 

4.H8 

5.11 

0.86 

0.91 

2.0 

fructose ^ 

4.45 

5.1 1 

0.S7 

0.94 

2 2 

G 






Basal 

4.95 

6.51 

0.76 

0.71 

1 0.0 

Water 

1 5.44 

6.94 

0,78 

0.71 1 

! 0.0 

Glucose 

j 7.02 

7.68 

0.91 

! 1.13 i 

4.9 

Fructose 

6.49 

7.61 

0.85 

0.95 

2.3 

Galactose 

i 6.62 

7.49 1 

0.88 1 

1.05 

3.7 

Bueroso 

M 

7.09 

7.60 i 

i 

0.93 i 

1.20 1 

5.2 

Basal 

5.S4 

7.69 

0.76 I 

0.71 

0.0 

Water 

5.69 

7.46 

0.76 

0.71 

0.0 

Glucose 

5.64 

6.79 

0.83 

0.86 

1.8 

Fructose 

5.99 

7.39 

0.81 

0.81 

1,4 

Galactose 

5.01 

7.45 

0.79 

0.78 

0.9 

Maltose 

4.85 

6,07 

O.SO 

0.78 

0.6 

0 






Basal 

5.39 

7.02 

0.77 

0.71 

0.0 

W ater 

5.29 

7.05 

0.75 

0.71 

0.0 

Glucose 

5.45 

6.65 

0.82 

0.83 

; 3.8 

Fructose 

1 5.80 

7.31 

0.79 

1 0.78 

i 1.3 

Gnla(?lose 

5.62 

i 7.03 

j 0.80 

0.79) 

; 1.4 

Lactose 

W 

4.75 

6.09 

; 0.78 

0.75 

0.6 

Basal 

4.57 

6.00 

0.76 

0.71 

0.0 

Water 

5.34 

6.85 

! 0.78 

0.71 

0.0 

Glucose 

; 5.81 

6.96 

0.83 

0.89 

1.6 

Fructose 

6.10 

7.61 

i 0.80 

0.79 

0,9 

Galactose 

6,0] 

, 7.-I7 

; 0.81 

0.80 

1.0 

Lacioso 
Glucose + 

5.51» 

6.81 

0.82 

0.85 

lA 

guluHose " 

5..51 

6.59 

1 (f.84 

0.91 

■ 1.5 


* Th« iivoYiigo protdii cojiiiniatioii jtor -i hoiuvs iu basal and wator (^spts.j m~ 

speotlvoly, was: A, 2.,H7 and 2.84 jiin.; O, and gm.; M, and •l-.U gm.,; 

0, 4.24 lujfl 2.97 gni.; W, ?/.27 and 4.97 gm. 

" 5 gjn. of each sugar. 
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15%. For purposes of calculation of tlie comparative amounts of car- 
bohydrate metabolized after ingestion of the different sugars, the 
following assumptions have been made. 

In the basal experiments and in the control experiments with water, 
a,s file E. Q. values were below 0.81, it has been assumed that the 
eiiergA^ was derived from the metabolism of fat and protein alone. 
The average values for the jirotein combustion per 4 hours in the basal 
and the water expeidments, as calculated on the basis of this assump- 
tion, are given in footnote 1 in table 2. It is recognized that they are 
wholly hypotlietical and may not eorres}iond to tlie facts. However, in 
view of the lack of information regarding the urinary nitrogen, the 
average value for each cat for the protein metabolized in the water ex- 
pm-iinents Avith this cat has been used as tbe basis of calculating the 
valnos of tin;* non-];>rotein E. Q. in the other grou])s of experiments 
witli the same eat. The amounts of carbohydrate metabolized (table 2) 
have been calenlatcd in the usual empirical manner from the non-pro- 
teiu gaseous exchange. In the three instances where the non-protein 
E. Q. values were greater than 1.00 (G after ingestion of glucose, 
galactose, and sucrose), the carbohydrate converted into fat has also 
been included in the values given in table 2, tbe calculation being made 
according to the method proposed by Lusk (’28). 

Among the monosaccharides, glucose caused the greatest metabolism 
of carbohydrates in all five cats, galactose was next in order with four 
out of five cats, and fructose in general caused the least metabolism of 
carbohydrates. The disaccliarides gave values that were sometimes 
higher and sometimes loAver than the sum of the values for 5 gm. each 
of their constituent hexoses. The combination of glucose with one of 
the other hexoses to foi‘m a total amount of sugar equivalent to 10 
giu. of sucrose or lactose gave results that were higher than would 
be expected by calculation of the sums of the effects of the sugars 
separately. This latter phenomenon Avas also observed Avith man after 
hexoses ingested separately and together. 

In most of the experiments less than half of the 10 gm. of sugar 
Avas metabolized by any cat in the 4 liours of observation. Indeed, at 
the rate at AAhich they Avere metabolized, many of the sugai-s would 
have supplied the metabolism of carbohydrates for over 24 hours. 
The serial order of the amounts of carbohydrate metabolized after the 
ingestion of these different sugars Avonld be tbe same, regardless of 
the level of the metabolism of protein. Therefore tbe values given in 
table 2 serve for comparative purposes. It is apparent that cats have 
the ability to metabolize the disaeeharides neai’ly as well as the mono- 
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saecliai'ides, although two of the disaccharides, sucrose and maltose, 
are not common articles in the cat’s diet in the natural state. 

SUMMABY 

The respiratory exchange was measured in successive -J-liour periods 
for 4 hours with five eats in the hasal state, after ingestion of 75 ml. 
of water, after ingestion of 10 gm. of glucose, fructose, galactose, su- 
crose, maltose, or lactose, and after ingestion of a combination of 5 gm. 
eacli of glucose and fructose or of glucose and galactose. 

The values of the basal R. Q. were uniform, for the most part, and 
did not show a marked tendency to change during the eight 1-hour 
periods of measurement. The ingestion of water resulted in a rise in 
E. Q. with one cat for the entii'e 4 hours but with the other eats only in the 
first 1-hour period. Glucose caused the greatest rise in R. Q., and the 
peak occurred in the sixth and seventh 1-hour periods. All the other 
sugars, disaecharides as well as monosaccharides, caused definite 
rises in the R. Q. 

On the assumption that in the control experiments with water only 
fat and protein were metabolized and that in the experiments with the 
sugars the protein metabolism of a given cat was the same as its 
average protein metabolisiii in the experiments with water, it was cal- 
culated that the metabolism of carbohydrates was highest after glu- 
cose and lower after galactose and fructose in the order named. The 
eats were able to metabolize the disaecharides nearly as well as would 
be expected, in view of their constituent monosaccharides formed by 
hydrolysis. When combinations of hexoses etpiivalent to 10 gm. of su- 
crose or lactose \vere ingested, the resultant metabolism of carbohy- 
drates was greater than would be expected from the sum of the amounts 
metabolized after ingestion of the respective hexoses given separately. 

Cats resemble men in the metabolism of the monosaccharides in that 
they show increases in B. Q. and in carbohydrate metabolism after in- 
gestion of these sugars, but they differ from men in that the peak ef- 
fect does not occur so promptly and, qualitatively, the order of magni- 
tude of the effect is not the same. 
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Previous studies of the amino acid I’equiremeiits of tlie chick have been 
carried out by using diets containing’ ingredients ■which are poor sources 
of a certain amino acid, or l.iy 3’emoving' one or more of the amino acids 
after acid hydrolysis. By using these methods, it has been shown that 
the chick must liave dietary sources of arginine, glycine, histidine, tryp- 
tophane, lysine and methionine (see review by Almquist, ’42, also G-rau 
and Almquist, ’43) and isoleucine (Grau and Almquist, ’44). In a 
continuation of these studies, mixtures of pure amino acids have been 
used in complete replacement of all proteins in the diet. Some of the 
amino acids which have already been shown to be required by the chick 
(g’lycine, histidine and isoleueine) have been reinvest! g’ated with diets 
containing the amino acid mixtures; the other recognized amino acids 
which iiave Iteen studied include alanine, aspartic acid, glutamic acid, 
hydroxyproline, leucine, norleucine, phenylalanine, proHne, serine, 
threonisie, tyrosine and valine. The tryptophane requirement will he dis- 
cussed elsewhere. 

BXPKEIMENTAL 

White Leghorn chicks, w-hich had lieeu reared on a eommereial-ty]3e 
chick mash for 10-14 days, w'ere maintained as reported previously 
(Grau and Almquist, ’43). The basal ration was as follows: cellulose ^ 5, 
calcium gluconate 8, mineral mixture 3.24, crude soybean oil 5, sardine 
oil (4(K)D-3000A per gram) to Avhich 1% of mixed tocopherols ^ had been 
added 0.25, choline chloride 0.2, inositol 0.1, cholic acid 0.1, 2-methyi-l, 
4-naphthohydro<:iuinone diacetate 0.001, thiamine 0.001, riboflavin 0.001, 
pyridoxino 0.001, nicotinic acid 0.003, calcium pantothenate (dl) 0.003, 
biotin (acid)'* 0.00001 gm., with the amino acid mixture and glucose 

> Ccllu Flour. 

Mixf'd TocoplierolSj Tjpe I (Distillation Products, Incu). 

Tlie biotin was kindly provided by Merek and Co., Ine. through the courtesy of Dr. J, C. 
Kerestosxy, 

* Orelose. 
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to make 100 gin. Otliei- members of the vitamin B-comples were pro- 
vided by a concentrate prepared from solubilized liver which added only 
4 mg. nitrogen to each 100 gm. diet. The mineral mixture funiished the 
following: tricalcium phosphate 2000, dipotassium phosphate 500, po- 
tassium chloride 300, and manganese 10, silicon 46, magnesium 48, alum- 
inum 8, iron 14, copper 1, zinc 1, iodine 0.8 and cobalt 0.5 mg. per 100 
gm. diet. 

TABLE 1 


Mixture of ammo acids ^^,scd in the positive control did. 


AMINO ACID 

FORM 

OF AOTD 

A.S FED 

IjEVETj op 
NATU ltAL 
ISOMER 

AMINO AOin 

FORM 

OP ACID 

TjEVETj 
AS FED 

nWBL OF 
natuhai. 

ISOM EE 



% 

7r 



7o 

% 

Alanine 

dl 

1.0 

0.5 

Methionine 

dl 

1.0 

0.5 

Arginine 

l( + )*HCi 

lA 

1.2 

Norleucine 

dl 

0.2 

0.1 

Aspartic acid 

1(+) 

2.0 

2.0 

Phenylalanine 

dl 

1.0 

0.5 

Cystine 

1(_) 

0.4 

0.4 

Proiine 

i(-) 

2.0 

2.0 

Glutamic acid 

1(+) 

5.0 

5.0 

Serine 

dl 

0.4 

0.2 

Glycine 


1.8 

1.8 

Threonine 

dl 

3.0 

1.5 

Histidine 


0.8 

0.6 

Tryptophane 

l(-) 

0.4 

0.4 

Hydroxyproline 

l(-) 

0.2 

0.2 

Tyrosine 

l(-) 

2.0 

2.0 

Isoleuciiie 

ai 

2.0 

1.0 

Yaline 

dl 

2.0 

1.0 

Leucine 

l(-) 

2.0 

2.0 




- 

Lysine 

l( + )-HGl 

1.4 

1.1 


Total 

30.0 

24.0 





(Sodium bicarbonate) 

1.5 



The amino acids used in these studies were commercial products. The 
levels used in the diets and the form in which they were added are sum- 
marized in table 1. Glucose replaced the omitted amino acids excejit for 
the glutamic acid studies, where aspartic acid was added. The sodium 
bicarbonate was added to neutralize the hydrochlorides of the basic 
amino acids and to jirovide sodium chloride, which was omitted from the 
mineral mixture generally used. 

RESULTS 

Alanine. Four chicks maintained for 10 days on a diet lacking alanine 
gained in weight just as well as a similar group which was fed alanine. 
Alanine is apparently completely dispensable for chick growth. 

Aspartic acid. In the first experiment dealing with this amino acid, 
glutamic acid as well as aspartic acid was omitted, and no attempt was 
made to replace this loss of amino acid nitrogen. This group of four 
chicks lost weight foi- 2 days, then began to gain at an increasing rate, 
so that from the time of minimum weight until 10 days later, the gain 
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per day was 2.4/,'c. Over a similar ]ieriod, the positive control group 
gained at a rate of 4.0%. In a later experiment, where aspartic acid 
alone was omitted, the g’rowtli rate obtained with three chichs for 14 
days Avas the same as that of the positive control. These data indicate 
that aspartic acid is a. dispensable component of tlie diet of tlie cluck. 

Glutamic acid. Besides the experiment mentioned aliovc, in which both 
of the dicarboxylic acids Avei’e omitted, tliree ehieks Avere kept for 14 
days on a diet containing exti-a asjiartic acid, but no glnlamic acid. 



Fig, 1 Effpet of (ijiiissioii c»f gl^yeine from tlio amino a<;id luixtiiro on the growth of ehieks. 


The total I ( + )- aspartic acid content of the diet \vms 4.0% instead 
of the usual 2.0%. These chicks reacted in the same Avay as those Avhich 
received neither aspartic acid nor glutamic acid, shoAAnng an original 
Aveight loss, and a slow gain thereafter. Because of the indecishm nature 
of these results, it can onl)- be said that lack of glutamic acid causes 
slcAA^ev gains than those obtained AA'ith control groups, and that if glu- 
tamic acid is required at all in the diet, it is needed only to promote 
most efficient growth. 

Glychte (fig. 1). That tlie chick is able to carry on definite, but limited 
glycine synthesis \\’as suggested Avhen casein diets containing low levels 
of glycine gave a moderate groAvtli Avhich AA'as increased markedly by 


® Avernge per <*eEt guiii per dtiy — 


Avm'uge gain x 100 

JNo. days on sxpt. x avg. wt. during expt. 
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additions of glycine to the diet (Almquist and Mecclii, ’42). Results 
with four ohieks on a give in e-deficient amino acid mixture for 18 days 
showed poor growth and gain per gram of food eaten. Omission or in- 
clusion of serine had no effect on the glycine deficiency. These results 
with diets free from glycine confirm the previous conclusion that the 
chick can synthesize glycine, but not at a rate high enough to allow best 
growth. 

Histidine. Four chicks which received a histidine-deficient diet lost 
weight for the first 4 days of the experiment and remained at this low 
weight level for the remainder of the 10-day period. Other chicks which 
received 0.15% 1 (-f )- histidine (fed as the monohydrochloride mono- 
hydrate) showed gains which indicated that most of. the requirement 
for this amino acid had been met. Histidine is, therefore, an indispens- 
able amino acid. 

Isoleucine. A group of three chicks fed a diet deficient in isoleucine 
lost weight and died, confirming the previous investigations in which 
dried beef blood cell protein was used as the sole protein source (Grau 
and Almquist, ’44), and in which the necessity of isoleueine in the diet 
was proved. * 

Leucine. A preliminary experiment with three chicks indicated that 
chicks lost weight rapidly on leucine-deficient diets, and that while either 
4.0% of the dl form or 2.0% of the I (— ) form was adequate, 1.0% of the 
? (— ) form was inadequate for best growth. Another experiment with 
three chicks maintained for 16 days showed a rapid weight loss followed 
by a more gradual lo.ss; the curve was practically identical with that 
obtained with phenylalanine or threonine deficiencies (figs. 2 and 3). 
Leucine is an indispensable compojicnt of the diet. 

Norleucino. Omission of norleucine from the diet appeared to have 
no adverse effect on the rate of gain of three chicks which were main- 
tained for 16 days. This amino acid is apparently completely dispensable 
for the chick. 

Phenyladanine. Four chicks on a phenylalanine-deficient diet lost 
weight rapidly (fig. 2) when the diet contained 2.0% I ( — )- tyrosine, 
but gained at the normal rate when 1.0% dl-phenylalanine was present 
in addition. Indicated interrelationships between these two amino 
acids are discussed under tyrosine. 

Proline and hydroxyprolim. These amino acids were omitted from 
the diet of four chicks to determine if either one was necessary. The 
chicks maintained their weight for the first 4 days, but did not grow ; 
after that time, they grew at the normal rate. This apparent time lag 
may have been required to allow establishment of adequate synthesis of 
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these amino acids from others furnisbed in the diet. In any ease, 
the omission of tlie prolines had no lasting- elfoet on the growth rate; 
lienee, they may be classified as dispensable amino acids. 

Serine. Unlike g-lyeine, sei-ine is a completely dispensable component 
of the diet of the chick, as was shown in the normal growth ot“ four 
chicks maintained for S days on a serine-deficient ration. As men- 
tioned above, serine lias no ability to replace glycine as an essenlial 
dieta ry component. 




■Pigunt 13 Piguro o 

-Fig. 13 slicnviiig the (effects of uikI tyroyino defieioiides on the growtii 

of chieks. 

Fig. 3 Effect of thretoiine defieiencj on chick growth. 


Threonine. Some of the results with threonine are shoAvn in figure 3, 
where the recoveiw from an amino acid deficiency is shown to occur im- 
mediate! j' after supplying- the missing- snbstauce. The change from 
weight loss to gain in 24-48 hours is often a clear indication of the fu- 
ture course of such an experiment; This early weight gain is jn-i- 
marily a reflection of the increa.sed appetite which is caused by the 
change in diet : fresh diet alone will not evince the effect. Feeding- the 
dl form at 1.0% of the diet evidently is not enough for best growth, and, 
wdiile 2.0% appears adequate, 3.0% was fed for safety until the most 
satisfactory level could be determined. In another experiment with two 
chicks, a threonine-deficient diet was fed for 27 days, at which time 
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one of tlie cliicks died, with no apparent symptoms other tliaii those 
wliicli would occur with malnutrition or starvation. 

Tyrosine. The absolute status of tyrosine cannot be determined from 
the data to be presented here, but must await further study. As shown 
in figure 2, addition of tyrosine is required to allow best growth if only 
1.0% of the ^^^-phenylalanine is present in the diet, but 3.0% dZ-phenyl- 
alanine alone appears to obviate the need for additional tyrosine. Ten- 
tatively, then, it may be said that tyrosine is required to promote optimal 
growth if phenylalanine is present at only a moderate level in the 
diet. 

Valine. Of all the deficiencies studied, valine and isoleucine seem to 
exei’t the most profound effects on chicks; however, none of the peculiar- 
ities of gait or sensitiveness to touch, such as were observed with rats 
(Rose, ’38), have been noted. The rapid and continuing decline in 
M^eight Avith valine deficiency was almost identical with that observed 
with phenylalanine deficiency (fig. 2). Three of the four chicks on one 
valine-deficient diet died on the twelfth day of the experiment, and all 
were extremely weak for a few days before this time. Addition of either 
2.0% isovaline ((^^-a-amino-a-methylhutyric acid) or 2.0% norvaline 
(c^JI-a-amino-n-valeric acid) did not diminish the severity of the defi- 
ciency. After 6 days, c?Z-valine was added. Within 24 hours, all chicks 
had gained in weight, and they continued to do so until the experiment 
was tei-minated 8 days later. 


SUMMARY 

Mixtures of 20 amino acids have been used in complete replacement 
of protein in chick diets. Of these amino acids, alanine, aspartic acid, 
hydroxyproline, proline, norleucine and serine have been shown to be 
dispensable. The essential nature of glycine in promoting best growth 
has been confirmed ; glutamic acid appears similar to glycine in this re- 
gard. Tyrosine appears to be required if only modei-ate levels of 
phenylalanine are used, but seems to be dispensable when higher levels 
are used. Leucine, phenylalanine, threonine and valine have been shown 
to be necessary dietary components to prevent weight loss, Avhile the 
similar status of histidine and isoleucine has been confirmed. 
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(Poeolved for jniblkatiou June 9, 19‘J4) 


Tile vitamiu B complex requirements of tlie cotton rat (Sigmoiidon 
liispidus liispklus) have been described by Meintire, Scbweigert and 
Elvobjem (’44). In the course of the exjieriments in which tbe.se re- 
quii’ements rvere evaluated, a preliminary survey w^as made to determine 
bow^ suscejitible the teeth of the cotton rat w^ere to decay. It Avas found 
that the molar teeth of the cotton rats which were raised from weaning 
on synthetic, high sucrose rations were highly susceptible to decay. On 
the contrary, the molar teeth of cotton rats which were on stock ration.s 
composed of crude materials were highly. resistant to decay. Therefore, 
the Amrious experiments reported here A\^ere deAused to study the fac- 
tors involAmd in the incidence and progress of tlie carious lesion.s in the 
molars of the cotton rat. 


EXPBBIMENTAL 

The cotton rats used in these experiments AA^oi'e obtained from our 
stock colony Avhich Avas maintained on the Steenhoek stock ration no. 14 ® 
supplemented Avith greens. These animals Avere A\maned at the age of 3 
Aveeks and at a AA^eight of 20 to 25 gm. 

The basal ration (801) consisted of: Lahco casein 18%, sucrose 73%, 
salts IV 4% (Phillips and Hart, ’35) and corn oil 5%. To each 100 gm. 
of ration Avas added : thiamine 250 ng., riboflavin 300 qg., nicotinic acid 

with tbe approval of the Dirptitor of tlie Wiseoiisin Agricultural Experiment 
Station. This work was supported in part by a grant from the Nutrition Foundation, Ine., New 
York. 

We are indebted to Merck and Oo., Bahway, New Jersey for the gynthetie vitamins; to 
Abbott Laboratories, North Chicago, Illinois for Imlibut liver oil; and to Wilson and Company, 
Chicago, Illinois, for the liver preparations. 

* Ground corn 71.5%, linseed oil meal 15.0%, alfalfa leaf meal 2,0%, CallPO* 1.0%, NaCl 
0.5%, crude casein 5.0 %■ tuid butter fat 5.0%. 
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2.5 mg., pyridoxine 250 |jg., paiitotlienie acid 2 mg., clioline 100 mg., 
inositol 100 mg., and p-amiiiobonzoic acid 30 mg. ; 1 drop of baliver oil 
wa.s fed weekly. Later a modification (802) of tlie basal ration was 
found to give more uniform growtli. It consisted of an increase in tbe 
casein to 24% at tbe expense of tbe sucrose. 

In early experiments tbe cotton rats were left on experiment for 
periods ranging from 10 to 14 weeks to determine tbe optimum experi- 
mental period. For accurate results it was found necessary to sacrifice 
the animals at a time when tbe carious lesions were large enough to be 
readily detected and yet not so large that any extensive amount of 
fracturing of tbe cusps bad occurred. It is especially necessary to have 
a minimum amount of fracturing. Old widespread fractured areas may 
overlie and involve several of tbe original carious lesions. Thus any 
accurate evaluation of tbe numbers of lesions and the extent of each 
lesion would be impossible. In prcliminai’y studies it was found that 
tbe most suitable experimental period lay between 10 to 14 weeks after 
weaning. When 14 weeks wms established as tbe optimum period, all 
animals were sacrificed at that age. 

Various liver preparations (1:20 liver extract, alcohol ether extract 
of 1 : 20 liver extract, solubilized liver, and whole liver substance) were 
added to tbe basal ration to determine whether the more rapid rate of 
growth thxis obtained would have any effect upon the incidence and 
progress of carious lesions. 

In order to determine whether or not additional fat-soluble vitamins 
would have any effect on the development of the carious lesions, these 
vitamins were fed to one group at the following levels per 100 gm. of 
ration: 500 Mg’- of 3-carotene, 12.5 pg. of calciferol, 2 mg. of a-tocopherol, 
and 187.5 pg. of 2 methyl, 1,4 naphthoquinone. These vitamins were 
kept in chloroform in the refrigerator. When the ration wms to be 
mixed, the necessary amount of the chloroform solution wms evaporated 
to dryness and the vitamins taken up in corn oil so that 5 gm. of corn 
oil contained the amount of these vitamins to be added to 100 gm. of 
ration. This corn oil was then incorporated into the ration in the cus- 
tomary fashion. 

In order to compare the effect of particle size of the diet upon the 
incidence of carious lesions two procedures were followed. The first 
comparison was made with Steenbock stock ration no. 14 in which the 
particles of corn used in its composition would pass through a 20 mesh, 
but not through a 40 mesh sieve. A portion of this ration wms then 
ground in a ball mill until all would pass through a 60 mesh sieve. The 
coarse ration was fed to one group, while the fine was fed to a second 
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group. The second comparison was made by the suhstitntioii oi‘ dextrin 
for sucrose in ration 801. The particle sixe of dextrin used in tire course 
ration was such that it would pass through a 20, but not through a 40 
mesh sieve ; and that in the line ration would all pass through a 60 mesh 
sieve. 

At the end of the expeiimental period, tlie animals were sacrificed. 
The heads were fixed in 95% ethanol for 24 to 48 hours. They were 
then skinned and the flo.sh removed. The jaws were placed in fresh 
95% ethanol and stored until observations could be made. The observa- 
tions on the molar teeth reported here were made upon sueee.ssive 
planes ground parallel to the occlusal surface by moans of a vertically 
rotating carborundum xvheel. After each grinding, the newly exposed 
plane was observed at a magnification of 30 diameters with a binocular 
dissecting microscope. Each lesion observed was carefully explored 
with a no. 42 fine, smooth dental broach to determine 'the depth of soft- 
ening, as a supplement to the visual changes in color and opalescence. 

EESULTS 

Description of the dentition of the cotton rat 

The dentition of the cotton rat is similar to that of the white rat; 
monophyodont, one incisor and three molars in each quadrant of the 
jaws, continuously erupting incisors, and molars which are more highly 
developed than the incisors and which are limited in development to 
the early period of life. The molars are similar to those of the white 
rat in most respects, but have a few notable differenee.s. When the 
molars of the cotton rat are erupted, there are definite cusps as in the 
white rat. But in the cotton rat the completely transverse occlusal fis- 
sures between the cusps are very shallow. Attrition of the cusps ex- 
poses small circular areas of dentin which become lai’ger as the cusp is 
more deeply abraded. Since enamel is more resistant to attrition, the 
enamel rim is perceptibly higher than the exposed dentin. 

After a period of 3 or 4 weeks of occlusal contact, sufficient attrition 
has occurred that the cusps have been abraded to a level below the bot- 
tom of the shallow transverse occlusal fissures. Then all the cusps of 
any molar become connected at the occlusal surface. The exposed dentin 
area of a cusp is connected to the similar area in the next anterior or 
posterior cusp by a narrow strip of exposed dentin, flanked on each side 
by enamel. Thus in the cotton rat, a few weeks after the eruption of any 
molar, its occlusal surface has a continuous region of exposed dentin 
extending from the anterior cusp to the posterior cusp. This can be 
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seen in figure 1 (except in tlie third molars of the upper Jaw which are 
not fully erupted). 

The occlusal fissures which are present in the fully erupted molar ex- 
tend from i to t across the tooth from either the labial or lingual sur- 
face. These fissures are exceedingly narrow and extend from the oc- 
clusal surface of the molar almost to the cemento-enamel Junction. 

Regions of tooth decay 

In the cotton rat it was found that tooth decay occurred almost ex- 
clusively in the occlusal fissures and at such a depth that early decay 
could not be observed in the intact tooth because of the depth and nar- 
rowness of these fissures. When decay had progressed sufficiently, re- 
gions of the cusps were broken away due to the undei'mining effect of 
these deeply set carious regions. Only then, was it possible to detennine 
from the occlusal surface that decay had been occurring in the occlusal 
fissures. Hence, in order to study and evaluate decay in the teeth of 
the cotton rat, it was necessary to use an alternate grinding and obser- 
vation procedure similar to that suggested by Cox and Dixon ( ’39). 

A very low incidence of decay was found on the proximal surfaces of 
the molars or on the exposed occlusal surfaces. The rarest location 
where decay was found was along the gingival margin. However, where 
decay was found in these regions the development and the progress of 
the lesions was entirely comparable to the lesions found in the narrow 
occlusal fissures. 

The first indication of decay was a slight darkening of the enamel, 
and a decrease in its opalescence. This was accompanied by a softening 
of the affected area. This early lesion became quite evident when it 
was still less than 0.1 mm. in diameter. At that time the enamel was 
softened sufficiently that a no. 42 fine, smooth dental broach would 
readily penetrate a short distance into the lesion. The destruction of 
, the enamel apparently was quite rapid once the lesion had been initi- 
ated. Frequently an area 0.2 to 0.3 mm. in diameter would have be- 
come decayed before any appreciable amount of penetration into the 
dentin had occurred. Once the dentin had become affected the lesion 
spread more rapidly until lai'ge areas of the cusp were involved. About 
this time fracture of the undermined crown of the cusp began. Fracture 
of large portions of the cusp did not usually occur immediately but in- 
stead small portions broke off as they were undermined. There is ample 
evidence for this statement since many lesions occurred where there 
was a loss of only small portions of a cusp due to fracture. Fracture 
continued progressively as decay progressed until finally the entire 
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of llie ciis}) aiTected avds iiiidonijined aad broken off; aft(‘r frac- 
tur(‘ ()ecii]‘red, d(*cay coiitiimed in i!i(‘ orii^inal Josion at al;)ont tb(‘ same 
rate. The surface oxposcMl by tlu* fracture did not appear 1o be attacked 
by tJie pi'ocess of decay at any ^i‘‘i*eater rate than if fra<*tur(‘ had md oc- 
curred. -Instead decay progresscal into this (\\|)os<h 1 face from th(‘ orig*- 
iind lesion as if no fracdure liad occurred, 

Tltr ifn^llfod of r<'<‘ordlufi pos/7/oa, nad (:r(d uafhuf fho o.rirol e/ 
fJu’^ (‘(n'ious Irsioiis 

In ordei’ to la.^cord tin* numbe!* of dtHaiyetl areas in such a way as to 
b(* able to study the frequency in any ,e,*iv(‘n ai*ea, the vai’ious oc<dnsal 
rtssures were numbered in a manner similar to that develo})ed by i\)x, 
Dodds, J)ixon and Alatiischak ( ’d9) for use in the evaluation of comi 
meal caries in the white rat. It was not possilde to ns(^ the identical 
numbering’ system of (h:»x el ah since the cottoTi i*at tliffers from tlie 
white rat in too many anatoinical details. Figure 1 shows tl)e number- 
ing system used for tlio cotton rat. 

An arbitrary system for the evaluation of the ext(mt to whi^di the de- 
cay had progressed in any lesion was devised. Tlie system employed 
symbols 1 + to 5 -f to represent the inc]‘easing extent of the lesions, as 
follows : 1 H a lesion where there was a small, dark, definitely soft- 

ened (le(*ayed region in the enamel withont any peneti'ation of tlio 

dentin; 2d ^a h.^siou with a more wid(‘spread softening ol* the (mamel 

and a slight penet]*ation into the dentin ; M -| a h‘sion wiili widespread 

decay of Iht^ enannd and deep penetration of tlie dentin but without 

fi-acture; Id a lesion with. wi<l(cspread decay in Imtb tlH‘ (oiamel and 

the dentin and a small amonnt of fracture of the undennimd cus]>; 

0 d a, lesion which has pj’ogresscd so tar that a large amount, or all, 

of tli(‘ undermined |K)riion Avas broken otT. 

Foi' each cotton rat studied the evaluations assigned fVu* the iiidi- 
Addiial carious lesions were totaled. Tliis sum was us(nl as an index of 
the extent to AA'hich decay bad pia^gia^ssed in each animal. The average 
amount of decay for each carious lesion Avas obtained by diAuding this 
sum by the numlier of lesions observed. 

This type of oAuduation of the extent of the lesions was at best an 
arbitrary om^ hut a very ess<mtial one. Theri^ could he no absolute unit 
of measurement for tin* progress of decay. Any eAudiiation assigned by 
tbe observcu* Avas, of ne(*essity, a measurement of degi*ee wliicli took 
into account tbe numerous (Iianges observed in coloi*, textmag and size 
of the lesions. Therefoiag iw the system outliiied, Ave have a satisfac- 



1 Oclusal surfaces of tin* ninlurs of a cotton rai 1‘i}h‘11c(1 to iudicatc the occlusal fts 
surcs ill ^vhicl^ 1h(‘ carious lesions o<'cur. This rat was one Vv'hich had hoiui raisi^d on ilu* slock 
ration and was entindv free of tootli diM-av. X Fi. 




miKTAlj CAItlKS IN TBC COTTON HAT 


339 


tory and consilient irietlKxl of evahiatinp.' tlie degTce of the caritais 
processes in any aaiioal or group of animals. 

The effect oj the length of (^ii'perlnieutal period upon the 
development of the earions lesions 

Tl'ie ol)serva.tions from the rats Avhicli wore saccriliced at 10, 

12, and 14 Aveeks to determine the most snitahlo lengtli cd* experimental 
period lU'e jiiacsented in lahle 1. As the duration (d the experiinentaj 
period was increased, there was obsei’ved in thf^ (motion ruts on eueh ra.- 
tioip a definite incrcuise in tlio nninlier of carious lesions per animat a 
delinite iiicrc*ase in tlie total extent of tlie carious lesions and a defiiiite 


TAimE 1 

The vffi-ct of iht' Inujt'li of vxptrhiiental pvriod vpoii thf‘ (((^vrJop'meni of carOuo^ h'.sivih<t in tho 

eotion rat. 


K.\TION 

xo. 

OF 

ANIMAES 

avijkaoe 

NhTMBBK 

OF 

CAEIOVB 

liBKlONS 

AVEKAf'tE 

EXTEXT 

OF 

fAP.IOFS 

EE.SIOXS 

AYEB.AOR NUMBER OF 
(’ARKJUS liEHTONS 

AVi:i{.A(jK EXTENT OF 
OAK 10 US I.EHrOXS 

WKEK^ 

UpiKT 

.i« w 

Howor 

;law 

jaw 

Lowfu’ 

Jaw 

801 

10 

5 

11.8 

25,8 + 

2.8 

9.0 

5 .S 4 

20.0 4 


12 

:i 

21.8 

58.0 - f - 

8.6 

22.7 

26.7 4 

36.3 4 


14 

o 

24.5 

78,0 “- j - 

10.0 

14.5 

27.5 4 

50.5 4 

801 + 

10 

4 

12.0 

25.2 + 

3.0 

9.0 

ii.*> 4 

19.8 4 

L. E. 

:20 

14 

7 

26.0 

74 ,H + 

12.1 

13.9 

32.0 -f 

42.3 4 

802 

12 


22.8 

4 - 2.2 4 - 

9.8 

13.0 

19.0 + 

23.2 4 


14 

4 

27.8 

63.5 4 

;] 2.5 

lao 

22.5 ~ f ~ 

41.0 4 

('oarse 

.12 

r-5 

6.0 

12.0 + 

0.7 

5.3 

0,7 4 

11.3 4 

8tt)ek 

14 

4 

6.8 

10.5 4 

2.0 

, 4.8 

2.0 

13.8 4 


imirease in tin* avera.i;:*' extent of decay in each earions 1esk)n. It ap- 
peared that nndo)’ oiii- present experiiuental regime tlie optinmiii ex- 
jjeiinienlal period was 14 weeks. At that ag’e the earions lesions in the 
nifdars had progressed to the point where they were readily visible 
when exposed hy grinding’. Yet only n small amount of fracture had 
occurred. If the experimental period were longer tlie fracturing would 
have become so extensive tliat many individual lesions would have been 
obsciu’ed. 

TJiP n int rib'Utiou of ih(< carious leslous in the various molars 

In these early experiments there was noted a very conspicuous dif- 
f(‘rence between the incidence of earions lesions in the upper and lower 
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jaws. Ill figure 1 it is seen tliat in botli tlie upper and lower jaws there 
are 10 occlusal fissures in the three molars of each quadrant. Since, as 
we have reported above, it was in the occlusal fissures that almost all 
decay was initiated in the cotton rat molars, each quadrant bad an 
equal number of susceptible regions. However, it was found throughout 
ail the groups of animals studied that there w'as a much lower ineidenei' 
of carious lesions and a smaller amount of decay in each lesion in the 
molars of the upper jaw than in those of the lower jaw (table 1). Once 
initiated the rate of development of the carious lesions in the molars 
of the upper jaw appeared to ho comparable to that in the lower jaw. 


TAKLB 2 


J fsttmmciry of ihe relative incidence and extent of eariaxH lenionn in the nud'arn of 60 cotton rai^‘^ 
•icluch had 'been maintained on mfcnme rations for Id ircel'n. 



MOI..4R 

TOTAL 

NUMBER 

OF CARIOUS 
LESIONS (A) 

TOTAL 

EXTENT 

OF CARIOX^S 
LE.SrON.S (B) 

average 

EXTENT 

OP EACH 
CAKIOU.S 
LESION 

(t) 

number 

OF 

CAJREOUS 

LE.SIONS 

PER 

MOLAR 

V 2 X 63 / 

number 

op 

SUS- 

CEPTIBLE 

REGIONS 

PER 

MOLAR. 

(C) 

PER CENT 

OP 

SUSCEPTIBLE 

REGIONS 

THAT 

PFxVElxOPEB 

CARIOUS 

LESIONS 

(,y 3 00 

' 2 X c 


First 

122 

194 -f- 

1.0 H- 

.9 

4 

23 

upper 

Second 

299 

797 <f 

2.7 4- 



77 


Third 

200 

430 -f- 

2.2 4- 

1.5 


51 


Fir.st 

305 

032 + 

2.1 4- 


5 

47 

liOvver 

See Olid 

320 

952 -f- 

2.9 4- 

2.5 

3 

84 


Third 

239 

737 H- 

3.1 4- 

1.8 

o 

92 


Since the lesions in the upper jaw w’ere initiated slightly later than 
those in the lower jaw, the extent of decay in each of these lesioTis was 
always slightly less than in those in the lower jaw at any given time of 
observation. 

Very definite differences ■were seen in the rate of incidence of carious 
lesions in the three molars of both the upper and lower quadrants. A 
summary was nnade of the number of carious lesions observed in each 
molar of 65 cotton rats which had been maintained on synthetic rations 
for 14 weeks. The results of this svTmmary are presented in table 2, It 
was found that there was an increasing rate of incidence and also an 
increasing extent of decay in each lesion of the molars in the following 
order: upper fir.st, lower first, upper third, upper second, lower second, 
and lo'wer third. The upper molar in each ease had a lower rate of inci- 
dence of carious lesions and eaeli lesion had a lesser extent of decay 
than the respective lower molar. 
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Since the first molars were fully erupted and tlie second molars al- 
most fully erupted at the beginning' of the experimeni, they were sub- 
jected to the conditions of the oral egvity for about the same length of 
time. Therefore, if all the factoi's influencing decay were the same, the 
first and second molars of all four quadrants would he equally affected. 
However, from the .summary it can easily he seen that there was a veiy 
much higher rate of incidence of carious lesions in the second molars 
than in the fir.st molar, s of the upper and lowei' jaws. Tlii.s different rate 
of incidence may be affected by one or more of several factors ; the 
structure and topography of the molar, s themselves and the jiosition 
of the molars in the month. 

The lower third molar was erupted after the auiraals had been on ex- 
periment for about 7 weck.s. The upper third molar was erupted after 
about 10 weeks of the experimental period had ehqised. The time of 
eruption of the upper and lowei- third molars varied with the i-ate of 
growth. The more nearly complete the ration was nutritionally, the 
more rapidly the animals grew and the sooner the uiiper and lower 
third molars wei'e erupted. However, the lower third molars were only 
exi^osed to the environment of the oral cavity for about one-half and 
the upper third molars for only about one-third of the experimental 
period. The very high incidence of carious lesions in the lower third 
molars had added significance when this short period of exposure wa.s 
considered. Although the rate of incidence of carious lesions in the 
upper third molars was lower than in the lower third molars, the very 
short period of exposure indicated a high, suscejitibility to decay. It 
appeared that the third molars were much inoi'e snsc.optihle to decay 
in the cotton rut than either the first or the second molars. This may 
he due to the relative position in the mouth, or the structure of the 
third molars may have been unfav’orably affected during the develoj)- 
ment by some deficiency or deficiencies in the exyierimental rations. 

The effeci of diet upon- the rate of bteidenee and the extent 
of the earions lesions 

There was a high rate of incidence of carious lesions in the molar.s of 
the cotton rats fed the two basal sAmthetie rations 801 and 802 (table 3). 
The additional 6 (( casein contained in the latter ration did not decrea.se 
the rate of incidence nor the extent of the carious lesions in any way. 
Our groups of animals were small in all cases reported since only a 
limited number (»f animals was available because of our small stock 
colony. However, in every case the caries incidence and extent did not 
vary to any appreeiabh' extent within any one group or between groups 
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when an experinienlal series was repeated. Therefore, the differences 
reported here were of hnportanee. 

The effect upon the incidence and extent of the carious lesions of 
various supplements to the synthetic rations is jjresented in table 3. It 
was observed that the addition of 4% 1 : 20 liver extract, alcohol ether 
extract equivalent to 6 or 9% of 1 : 20 liver extract, 4% solubilized liver 
or 4% whole liver substance to synthetic ration 801 did not alter the 
rate of incidence or the extent of carious lesions. When additional 


TABLE ii 


The effect of various supple meuts to spntheiic rations upon the incidence of cariou^^ lesions in\ 

the cotton rat. 


RATION 

OF 

WEKKS 

KTJMBISR 

OF 

ANIMAHS 

AVERAOE 

.N'OxMREK 

OF 

CARIOTT8 

JdiJSTONS 

(D) 

AVERyiOE 

EXTENT 

OF 

CAitioirs 

LESIONS 

(E) 

AVER-AOK 

EXTENT 

OF EAOH 
CAItlOtTS 
LESION 

(■:■) 

801 

14 

2 

26.0 

70.0 + 

2.7 + 

801 + 4% 1:20 L.E. 

14 

7 

26.0 

74.3 + 

2.9 + 

SOI + aleoliol etlier extract 
eqiiiv. to 6% 1:20 L. E. 

14 

2 

25.5 

64.5 + 

2.6 + 

801 + aleoliol ethei' extract 
eqniv. to 9% 1:20 L. E. 

14 

4 

23,8 

72.3 + 

3.0 + 

801 + 4% soiubiiized liver 

14 

2 

29.5 

1 3,0 + 

2.5 + 

801 + additional vitamins 

A, B, E, and K 

14 

4 

20.3 

36.5 + 

1.3 + 

801 + 4% wliole liver 
sill >sta, nee 

12 

2 

24.5 

63.0 + 

2.6 + 

802 

14 

4 

27.3 

63.5 + 

2.3 + 

802 + 4% 1:20 K E. 

14 

a 

27.7 

62.0 + 

2.2 + 

802 + alcohol extract 
equiv. to 6% 3:20 L. E. 

14 

3 

27.0 

63.3 + 

2.3 + 


amounts of the fat-soluble vitamins, A, 1), E, and K were fed as supple- 
ments to ration 801, there was a slight reduction in the rate of incidence 
and a very substantial decrease in the rate of pn'ogres.s of decay in the 
lesions. Studies are now in progress to determine wdiieh of the fat- 
soluble vitamins was responsible for this decrease in rate and extent. 
This result may be similar to the effect attributed to vitamin K by 
Posdich, Fancher and Calandra { ’42). However, Armstrong, and Knut- 
son (’43) and Armstrong, Spink and Kahnke (’43) explained the effect 
reported by Posdick et ah as an effect due to quinones in general rather 
than any specific inhibiting action of vitamin K. 
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A supplement of 4% 1:20 liver ext)-iict or of an alcoliol oxtraet 
equivalent to 6% of 1:20 liver extract to ration 802 did not have any 
effect upon the rate of incidence or the extent of the carious lesions. 

Both the Stoenbock stock I'ation no. 14 aJid the lution in which dex- 
trin was substituted for sucrose produced an almost eoinplote preven- 
tion of carious lesions in the cotton rat molars (table 4). This was in 
contrast to the high incidence of carious lesions obsm-ved on the sucrose 
rations. 

TABLE 4 

77//' f ff'rct of coai%s\^ ond fine npen the iveldeneo of /‘ffp/odx Icsionn in l!ir eoiion suf. 


n.vnoi; 

(JP 

VfBi:rv-s 

,M 'M Ulo; 

UP 

A^*T.^^AL.S 

AvrkAup 

NUMlOni 

up 

o.iTjior.s 

OkStUiNS 

f ro 

.vvnu.'iui; 
i.'X'iTi-Pr 
( tV 

u.Akrof's 

JjKKION’S 

(■-.;) 

W KIl'.Ul. 
KXTbNT 
f»F i'5\orr 
OAHTOIh”. 
I.r.STON 

Jj > 

Cudvse stock 

VJ: 


0 

12.0 -f 

2.0 H- 

Fine stock 

12 


t> 

8.0 -f 

1.3 + 

Oofirse doxtrin 

12 

:j 

2 

2.0 -1- 

1.0 + 

Fine dextrin 

12 

1 

1 

1.0 -p 

1.0 q- 

Course stock 

50 

23 

j.> 

7.0 -j- 

2.5 + 


The effect of particle size of the diet vpon the incidence 
of rarions lesions 

Tiio roBiilts ohtahuHl a.s n (‘omparison of tlie offoet of pa.rticlt3 siy.c* ou 
the iiiciderice of eorions losiorss is preseiitod in. table 4. Difficulties were 
irninodiately onconutere<l iu liie g*roups of aniiurils fed oiilier of ilio 
fhiely grouTui. rations* Tlio cott<.i;n rats almost e(>ni})b*i.oly I'cd'used io eat 
(viihor of tlie tine 7'atioiis. Instead they scai-tered it ou(: of the food <'Up 
iirnuediately after the daily feeding. Thend‘o)*(\ few irf IIk^so iiiiiniaJs 
sin'vived tbo 14- week experiinerital period. In an effort to o])tain as 
iniiclt data as possible, the snrvixdng menfhei's were sacrificed at 12 
Wi^eks, It was found after that experimental pcn‘iod that no differeiu.'.os 
i‘esiilt(^d in the rate of incidence of carious lesions when the i.uirlicle 
size was varied* There was equal protection from decay iu tlio molars 
on either the coarse oi‘ fine stock and dextrin rati(nis. 


DTSOrSSIOX 

The cotton rat is unquestionably more susc*.<.q)ti]de to tooth decay than 
any (dhor oxpfudmontal animal yet reported. The very high incidence 
of carious lesions in the molar teeth oi* the cot Ion rat raised on a higli 
sucrose ration was in great contrast to the extremely low iiicideneo 
observed when the sucrose of the ration was replaced by coarse or fine 
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dextrin. Jk similarly low incidence was observed in those animals fed 
either a coarse or fine stock ]-ation. Since particle size did not appear 
to play any role in the development of the carious lesions in the molars 
of the cotton rat, this uncontrollable variable in the study of dental 
caries in the white rat was not encountered. Since the cotton rat is very 
susceptible to dental caries when fed certain rations, but extremely im- 
mune when on others, it can be used for many types of dental caiies 
research. When such a wide ditt'erence in carie.s incidence is possible, 
the positive or negative value of the treatment given during the experi- 
mental period can be readily and accurately evaluated. 

As yet only the .supplement of additional vitamins A, D, B, and K, 
was found to have any preventative effect when a high level of sucrose 
was fed in the ration. However, this protective effect was much less 
than that observed when sucrose wms reijlaced by dextrin or when a 
stock ration of common foodstuff's was fed. Studies are being con- 
ducted to determine which of these vitamins was responsible and if the 
effect was due to that particular vitamin or to the class of compounds 
to which it belongs. 

There was an almost complete bilaterally equal distribution of the 
carious lesions in both the upper and lower jaws. This has been shown 
to exist in man by Bertram and Brown ( ’43). 

The upper jaw has a very much lower incidence of carious lesions 
than the lower jaw. This has been reported by Klein and Palmer ( ’41 ) 
for the first and second permanent molars of the human. 


StTMMAEY 

1. The cotton rat is highly susceptible to tooth decay when fed a 
synthetic ration high in sucrose. 

2. Almost no tootli decay occuried in those cotton rats which were fed 
a stock ration composed of natural foodstuffs or a synthetic ration in 
which the sucrose had been replaced by dextrin. 

3. An experimental period of 14 weeks was found to be optimal for 
the observation and evaluation of the carious lesions. 

4. No differences in the rate of incidence or the extent of the carious 
lesions could be produced by altering the particle size of the stock or 
dextrin rations. 

5. The various liver supplements which were added to the sucrose 
rations to produce optimal growth had no effect on the development of 
the carious lesions. 
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(>. Increased luiioinits ot‘ tlio fat-soluble vitamins, A, 1), JS, and K, 
produced a deei'ease in the number and the (‘.\tent of the carious h'sious 
in the molars of cotton rats on the sucrose rid ion 8t)l. 

7. There was a detinite bilateral distribution, of tlu! cai'ious lesions. 
dMiero Wiis a niueh loW(.*r i-ate (»f incidence of ciirions hwimis in tiie 
nndars of the up)}»er jaw than in lliosi.^ of the lower ,i;i.w. d’he asceudiuj^’ 
order of earies incidence in l!ie molars wiis its follows: iip])(‘r ilrst, 
lower first, upper third, npptn- second, iowt,*)' second and lower Ihird. 

8. In view of these observations liut iinthors hi.dit've lliiti the cotton 
rat is the bt'sl experhnental animal yet knoAvii for the prodnefion and 
study of tooth decay. The etise of produetion and Ihc' high, consistent 
incidence of earions lesions make possible many Y>hitses of e.xjxH-imenia! 
iipproacli to the study of tooth decay, its canses and its control. 
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Ih imri of rij iVtuf Atuiltniiu,, School of (Ji ocije V irirrcrHi i tf , 

IVd.-^hinfilitn, IK 


FIVE FIOVRES 


( ItOCPiviHl f(H* puhUcHti(Hi J lllU* 111), 104-1) 

Information eoiiccvning’ tlio relation of the blo<.)(! level of vitamin 0 
to the Avell-bekig of the indivulual is of coiisklorable interest. Sixeh iii- 
fonnation slioxxlcl involve tlte relation of tb.e blood level to llie eoneeix- 
tration of tlie vitamin in the otlier tissne.s of the body and to the pres- 
enee or xibsence of any pathological changes. "With snch knowledge oxie 
eoxxld make an appraisal of the- inxtritional status, with i'es])ect to vltxx- 
min 0, of an animal oi’ of a human sub.]ect, by determining tlie vitamin 
C eoJitont of the blood. In this p»aper, Ave are reporting the i-csnlt.s of a 
stxidy of these relation.ships in gninoa pigs upon, different levels of in- 
take of vitf.imin 0. 

■RX PEJ! IM RVT A E I’KOCEDrim 

8ixty-six guinea pigs, thirty-thre<‘ males and thirl y-lhree feinah's, ttf 
maxket stoc'k with initial weights ranging from 1S8 to 517 gm. win-e 
mtiintainod for 10 chxys on rabbit eliow'" phis cabbn.ge ad libiiuni. Thi.s 
Avas to hx’iiig their body stoi'es of Adtamin (’• lo appvo.ximntely the same 
leA'el. At this time they were transferred io a basal diet conpxosed of : 


Ground rolled oats (Quaker) 

40 partR 

Ln(!to<^L-n ^ 

40 ]iar1t-i 

Alfalfa, meal 

44 ]»nrtK 

Driefi ir rad);} led biaovor’s yeast '■ 

0 parts 

Sodium cdiloride 

1 part 


lOO parity 


^ Some, oi' tli<' Hal a roported in Ihi.s ]itiper aro talion from i\ dissprr.nl.ioiii by Carl 

A. Knotlior 1o the Graduate Coiiiu-il, Geortfo VvashirLfvtfni I'uiv.irsity, April ‘i94:i, in pariinl ful- 
lilbnent ot: the r.-*(pnrpinent.s for the tiepfreo of Doctor of PhiloRophT. 

- Pre.scnt addros.s: Ib'parlniPHt of Bioehrinistrv, Wostovii ReserYo ITiiiversit.y, OWclaiNl, Ohio, 
Maritime Millin;>' Co, 

SSprav dried vrhoh* miik inoditled hy fh<* addition of milk fat and milk sHfiar, Wo u'lwh to 
thank Nentle’s "Milk Prodnef}<, rm*., for a RTMierons Kupjdy of Lnctoiifim, 

° 'Pleisxdnnanii, Std. ‘5C0, 
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Supplemented with ascorbic acid, this diet produced good growth and 
prevented any ob%dous signs of deficiency in the guinea pig (Roe, Hall 
and Dyer, ’41). Analysis showed this diet to contain 28 mg. of ascorbic 
acid per kilogram. The animals were fed this diet ad libitum after the 
following amounts of crystalline ascorbic acid “ had been added per kilo 
of diet: 0, 50, 100, 150, 200, 300, 400, and 600 mg. A group of animal.s 
was placed on each level of ascorbic acid and one group was fed ap- 
proximately 50 gm. of cabbage daily in addition to the basal diet. The 
animals were kept individually in cages with raised wire screen bottoms. 
Food consumption and weights wei’e recorded daily. Ascorbic acid in- 
takes were calculated from the food intakes. 

Careful consideration was given to the problem of placing the ani- 
mals on the test diets for a period that would produce a fairly constant 
level of ascorbic acid in the tissues for a significant time. Preliminary 
experiments showed that the tissue ascorbic acid content remained 
practically constant after the animals had been on a diet of the same 
ascorbic acid concentration for a period of 3 weeks. For example, the 
vitamin C concentration in the livers of guinea pigs taken off the pre- 
paratory diet and maintained at a constant low intake of vitamin 
were 5.48, 4.24, 4.18 and 4.21 mg. per 100 gm. at 2, 3, 6, and 7 weeks, 
respectively, and the corresponding concentrations in the spleen were 
17.7, 10.7, 11.5 and 10.4 mg. per 100 gm. It rvas decided to follow the 
more normal feeding procedure of incorporating the vitamin in the 
diet, so the animal would receive the supplement no faster than food is 
taken, rathei- than to give it in peak loads as when administered in solu- 
tion by pipette or stomach tube. 

After the aniinals had been on the diet for approiniate periods they 
were anaesthetized by an intraperitoneal injection of approximately 
30 mg. of Nembutal per kilogram of body weight. A blood sample was 
collected by heart puncture and the tissues were rapidly removed for 
analysis. The tissues analyzed were: whole blood, liver, spleen, kidney, 
adi’enal glands, skeletal muscle (gastrocnemius), cardiac muscle and 
brain. No animal was sacrificed until after having been on the test diet 
for at least 21 days. The average time for the groups of animals upon 
each of the test diets ranged from 26 to 38 days except one group, no. 8 
of table 1, which was kept on the same level of vitamin intake for 73 
days. The concentrations of ascorbic acid in the tissues of the lattei- 
group fall quite consistently in line with the levels in the tissues of the 
animals in the 26- to 38-day test periods. This similarity of results of 
analyses in the very long test period is further evidence that the 26- to 

® We wish to thank Merck nn<i Co. for supplying the aseoiiiic acid. 
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38-day periods were long eiiougli to produce characteristic phvsioiogical 
or pathological findings in the animals. 

Whole blood analyses were made by the method of l»oe and Kuet!nM' 
(’43). Tissue analyses Avere made on a filtrate prepared by grinding 
the tissue to a uniform suspension witli sand and 4% trichloroacetic 
acid. This was treated with Norit and filtered through a dry filter. Tin* 
filtrate was analyzed as described by Roe and Kuethcr for blood liltrat(‘s. 

The carcasses were examined grossly for the presoneo of hemorrhage, 
particularly around the knee joints and in the stomach, enlargement of 
the joints and beading of the costochondral junctions. The jawl)ones 
Avere remoAmd and preserA-ed in 10% neutral formalin for sectioning 
and microscopic examination of the incisor teeth. 


HESULTS 

Citfjiiical findhigi< 

The results of the tissue analyses are summarized in table 1. Ascorlfic 
aeid intakes Avere calculated from the mean daily food consumption 
and body Aveight for the 14 days immediately preceding analysis. In- 
creasing the leA’^el of ascorbic acid intake increased the ascorbic acid 
concentration in the blood and all the tissues analyzed, although not to 
the same extent. In going from the loAAX'st to the highest intake tlie 
concentration of ascorbic acid in the Avhole blood increased about 6 
times, the corresponding increases for the other tissues AAX^re: bi-ain 6, 
muscle 11, kidney 14, spleen 15, heart and liver 19 and tlie adi'cnals 24 
times. Thus thei'e is considerable \mriation in the ability of the tissues 
studied to store vitamin C. From the Amines for the heart and skeletal 
muscle it is appai'ent that the concentration in cardiac muscle aA’ei'ages 
approximately 2-| times the concentration in skeletal mnscb-. Histologi- 
cally and functionally cardiac mnscle differs from skeletal muscle and 
it is not surprising to find this difference in ascorbic acid content. 

It is questionable A\%ether the tissue concentrations reported here 
I'epresent the maximum concentrations attainable since bigber Auilues 
than these haAui been reported. Roe, Hall and Dyer ('41) publi.shed 
figures showing tissue concentrations per 109 gm. to b(‘ as liigh as the 
following; liver, 37 mg.; .spleen, 42 mg.; brain, 24.5 mg.; and adrenal 
gland, 336 mg. These values Avere found in guinea pfigs fed rabbit choAV 
and cabbage. The maximum Amlues found in the present study were; 
liver, 32.8; spleen, 49.1 ; kidney, 11.6; adrenal, 166; skeletal muscle, 3.12; 
brain, 22.8; heart, 8.98; and AA'hole blood, 1.16 mg.% . 'With higluM- in- 
takes of ascorbic acid it appears possible to raise the tissue concentra- 
tions to higher IcAmls. In the group of animals Avitli tlie highest nioas- 
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uriHl iiilake, namoly ,‘>.44 iug. per lUO gjii. of body per daj', liio 

tirtKiica bad not >et roacbod saturation, siiua; tbo giTuip ro-cpiviug rab- 
iiage luid iiigber levels. 

Tlie ratios of ibt^ tissue eoneontrations of aseorbu-. acid fu the wltob- 
l>lood coneentrution are shown in figure 1. Witli each tissue the ratio in- 
('1‘oases With iuerceising wliobi blood eoneCMitratioa t (» loaxinuun value, 
increasing the whole Idood eonceritratiou beyond this ]u-)int resuHed in 
a dfV'i'oase in the ratio for splooii, kidney, ])!'aiii, adreua'i gland, heart 
and skeletal inuseie, and in:i further ineriuse in liver. The* increasing; 
ratio shows that the tissue eonceuitrations of ascorhio a,eid are increas- 
ing' at a. faster rate than tin' whole blood (unicentration, indicating an 
action' storage of vitamin C by the tissues. In every tissue studied tbo 
ratio readies a niaxiinnin \'a1ne at, or near, a wdiole blood coneeiitratioii 
of 0.25 ing'.'v. This finding means that the tissues withdraw ascorbic 
acid from the blood most efficiently when the blood level readies a 
concentration of 0.25 mg. per 100 ml. of whole blood. A liigher blood 
h'vel would have an advantage, however, in tliat it would bring about 
a greater storage of the vitamin foi' an emergency. Tlie importance of 
these data is that they show" the whole blood level of ascorbic^ acid re- 
liably reflects the concentration of the vitamin in the tissues, hence a 
whole blood determination of ascorbic acid may be accr^ptod a.s a signifi- 
cant indication of the nutritional status of the animal Avitli respect to 
tliis vitamin. 

From fable 1, it will he seen that to niainlain a. wliole lilood c.oticenf ra- 
tion of 0.25 mg. pel- 100 mb, an intake of apjn'oximately 1.23 mg. of as- 
corbic ticid per 100 gm. of body weight per day is necessary. If Hu's 
rate of intake were iransforred to man on the basis (tf body weight, llie 
intaki* of a 70 kg. man would he SOI rng. per day. Translating ui.ioii a 
basis of body surface, the corresponding intake for man is calculated 
as follows. TTsiug IMeoli’s formula for calculating surface area (IMeeh, 
1879; Taisk, ’28, p. 123), the surface area of a 400 giu. guinea ])ig is. 4.01 
sq. dm. This makes the guinea pig requircnienf. 1.07 mg. lACr sq. dm. iier 
day when the w-holt' blood lev<‘l is mainlained at 0.25 mg, ]n*i‘ 100 ml, 
h’or an average man, hoiglit 5 f1. 8 in., weight 7t) kg., the surface area 
fDuBois and DuBois, '10) is 1.83 sq. m. or 18.3 sq. dm. An intake equh’n- 
lent to 1.07 mg. per sq, dm. per day would he 190 rng. for a man of 183 
sq. dm. surface. Thus tliese studies indicate, by either a body rveight or 
surface area translation of data, that the vitamin C requii-einenl of the 
gninea pig is rnneh greater (ban Ihe requirement of man. 
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H ifitologiml findings 

The observations of Zilva and Wells (T9) revealed that the teeth 
vere the first of the body tissues of the guinea pig to show an ab- 
normality during the development of scui-vy. Other histological work 
on the lesions in teeth of scorbutic guinea pigs has been done by Toverud 
(’23), Hojer and Westin (’25), Ooettsch and Key (’28), Kiy nml El- 
phich (’31), Fish and Harris (’34) and Boyle and his associates (’38, 
’40). 

For the histological studies, fourteen male and twelve female guinea 
pigs were selected from the nine groups mentioned above. Each 
mandible with all teeth intact was fixed in 10% neutral foi'inalin, clecalei- 
fied in an alcoholic 5% HNO,, solution, embedded in nitrocellulose, see- 
fioned longitudinally and stained with hematoxylin and eosin, and Mal- 
lory’s triple connective tissue stain. These sections were then carefully 
studied for the presence of any lesions resulting from the dietary regi- 
men of each group. The specific areas subjected to critical study were 
predentine layer, dentine with odontoblastic layer, (mamel with amelo- 
blastic layer, pulp cavity, cemeiitmn, periodontal membrane and the 
alveolar hone. 

The use of longitudinal sections of the incisor teeth instead of cross 
>ectiong, as are commonly used (llojer and W(?stiii, ’2.5; Hiijcr, ’2(') : 
(h.iettsch and Key, ’28; Key and Elphich, ’31 ; Damn and t’owgill, ’35), 
has several advantages. Attention is called to tlie fa(*t that (uich cross 
.sectional lev('l of tli(( continnaily growing incisor tootii of the guinea 
pig has a differetit histological ])icture. Tin* odontoblasts and anielo- 
blasts altei* their cytological structure and show senile changes as thi\v 
migrate to the incisoral end of the tooth. Thus cross sections at differ- 
ent levels liave a diffei-eiit histological appearance. Any comparisons 
of such cross sections could, therefore, lead to crT’oaeous conclusions. 
Fiirthennore, longitudinal sections record the entire liistory of any 
recent acute scnivy. Ohanges in the incisor teeth, occurring early in the 
course of tin* deficiency, will still lie observable at a later date in the 
sensitive <*ell layers which have suhsecpu'ntly migrated nearer the in- 
cisoral end of th(! tooth. 

We studied incisor teeth rather than molar teeth (Fish and Harris, 
’34) because in the guinea pig the incisors grow, erujit and calcify con- 
tinually throughout life. They show, lliertd'ore, in their longitudinal 
si'ctions, the complete cycle of an acute ascorbic acid <leficiency. Tht> 
molar teeth wei'C of little value in our experimonls because tlieir growth 
is largely limited to the early periods of life and hem‘e .are not sensitive 
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to the recent acute manifestations of the disease. Since the dentine 
and enaniel layers in the molars of the guinea pig are of limited growth 
the critical cell layers, the odontoblasts and anieloblasts, are largely 

dormant, inactive, senile cells and not sensitive indicators of mild scor- 
butic conditions. 

There are two separate pathological changes occurring in the incisor 
teeth ot guinea pigs upon a diet deficient in ascorbic acid. The first 
change is an upset in the calcification processes of the tooth. This is 
seen in several of the layers. The predentine layer becomes calcified, 
formally this layer is comparatively free of calcium. The dentine often 
shows a mottling effect accompanied by areas or zones of decalcifica- 
tmn. 4he pulp cavity shows spotty areas of irregular foci of caleifica- 
tion ihe bone sections show some decalcification or faulty calcification 
ot the a veolar bone. The ceinentum in animals on low vitamin C intake 
^ replaced by a calcified matrix with entrapped cementoblasts. 
n ® constant change is a degeneration in the parenchymal 

n odontoblasts are the most sensitive of the paren- 

ehymal cells to a vitamin C deficiency (figs. 3, 4 and 5). In early ascorbic 
acid deficiency these cells become disorganized, vacuolated and show 
early signs of degeneration (fig. 3). With ascorbic acid blood levels bc- 
- i m cells are completely degenerated (figs. 4 

. 0 h 1 he ameloblasts are less sensitive to the lower levels of ascorbic 

acid intake (fig 4) and show degeneration only in the most severe 
bcuivy. ihe other cells — the cementoblasts, osteoblasts, and fibro- 
b asts show premature atrophy, loss of normal function and general 

clearly that the tooth is a good biological Indi- 
Tho ncf status of the guinea pig in respect to vitamin C. 

the teeth in guinea pigs is a much more accurate and sensi- 
rPhl r ! ftetecting early scurvy symptoms than the usual methods. 
bPATi wn especially around the knee joint, has 

bcmnin '''' indicator of scurvy. The appearance of such 

iiowever, is a gross manifestation of a severe deficiency 
+bn+ in detection of mild scurvy. Our results show 

iemons appear at much higher blood levels of ascorbic acid 
bfl<? 1 T>v hemorrhages (table 2). The retardation of growth 

showr+b]?^’' "Inf" of ascorbic acid deficiency. Table 2 

dienow ''f'!l'’®ourred in animals held for 4 to 5 weeks on a 

deerees of ^^id. The odontoblasts, however, indicated varying 

Th?k the f ^^hich were not shown by growth observations. 

Ihus, the incisor teeth of the guinea pig, and more specifically the 
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to tlie recent acute manifestations of the disease. Since the dentine 
and enamel layers in the molars of the guinea pig are of limited growth, 
the critical cell layers, the odontoblasts and anieloblasts, are^ largely 
dormant, inactive, senile cells and not sensitive indicators of mild scor- 
butic conditions. 

There are two separate pathological changes occurring in the incisor 
teeth of guinea pigs upon a diet deficient in ascorbic acid. The first 
change is an upset in the calcification processes of the tooth. This is 
seen in several of the layers. The predentine layer becomes calcified. 
Normally this layer is comparatively free of calcium. The dentine often 
shows a mottling effect accompanied by areas or zones of decalcifica- 
tion. The pulp cavity shows spotty areas of irregular foci of calcifica- 
tion. The bone sections show some decalcification or faulty calcification 
of the alveolar bone. The cementnm in animals on Ioav vitamin C intake 
is largely replaced by a calcified matrix with entrapped cementohlasts. 

The second constant eliange is a degeneratioii in the parenchymal 
cells of the teeth. The odontoblasts are the most sensitive of the paren- 
chymal cells to a vitamin 0 deficiency (figs. 3, 4 and 5). In early ascorbic 
acid deficiency those cells become disorganized, vacuolated and show 
early signs of degeneration (fig. 3). With ascorbic acid blood levels })o- 
low 0.15 mg. per 100 ml. these cells are completely degenerated (figs. 4 
and 5). The anieloblasts are less sensitive to the lower leimls of ascorbic 
acid intake (fig. 4) and show degeneration only in the most severe 
scurvy. The other cells — the cementohlasts, osteoblasts, and fibro- 
blasts — show premature atrophy, loss of normal function and general 
disintegration. 

These studies show clearly that the tooth is a good biological indi- 
cator of the nutritional status of the guinea pig in respect to vitamin C!. 
The use of the teeth in guinea pigs is a much more accurate and sensi- 
tive means of detecting early scurvy symptoms than the usual methods. 
The presence of hemorrhages, especially around the knee Joint, has 
been widely used as an indicator of scurvy. The appearance of such 
hemorrhages, hov’ever, is a gross manifestation of a severe deficiency 
and is of no value in the detection of mild scurvy. Our results show 
that tooth lesions appear at much higher blood levels of ascorbic acid 
than do the signs of hemorrhages (table 2). The retardation of grovdh 
has long been used as an indicator of ascorbic acid deficiency. Table 2 
shows that growth still occurred in animals held for 4 to 5 weeks on a 
diet low in ascorbic acid. The odontoblasts, however, indicated varying 
degrees of the deficiency which were not shown by grow'th observations. 
Thus, the incisor teeth of the guinea pig, and more specifically the 
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pareiicLymal cells of tliese teeth, oifev a sensitive measinn of ascorbic 
acid deficiency. 

The present studies confirm the observations of other investigators 
(Zilva and Wells, ’19; Toverud, ’23; Hojer and Westin, ’25; Key and 
Elphich, ’31; Dana and Cowgill, ’35; Boyle, Bessey and Howe, ’40), 

TABLE 2 

llic relation of the blood level of ai^corhie acid to the iiuirifional ntate of the guinea pig. 


tJUlNKA PTd 
NUIVIRER AK1> SKX 

M(;. ASCUUHH; A(’ll) 
PER 100 ME. OF 
WfrOliE BLOOD 

DEOBEE OF 

TO{)TH PATUOLn<tY 

TIEMOltPvHAGE IN 
KNEE ,101 NT 

WEIGHT GAIN 
GM./DAi: ’ 

142 

F 

0.06 

4- + + 

Marked 

3.1 

ld2 

F 

0.07 

-f + "f ^~ 

Marked 

1.5 

.144 

AI 

0.08 

+ + + + 

flight 

0.0 


F 

0.12 

+ + + 

Slight 

— 2.1 

173 

M. 

0.14 

H — ! — h 

Slight. 

4.7 

148 

F 

0.15 

H — h 

None; 

2,6 

151 

M 

0.15 

+ + 

None 

3.9 

171 

M 

0.16 

+ 4” + + 

None 

6.4 

183 

M 

O.IS 

+ 

Slight 

5.1 

174 

F 

0.19 

_l — [- 

None 

5.8 

185 

U 

0.19 

+ + 

None 

4,0 

184 

F 

0.20 

+ 

None 

5.6 

191 

M 

0.21 

+ 

None 

0.4 

199 

M 

0.22 

Normal 

None 

3,7 

187 

M 

0.22 

Normal 

None 

2.3 

201 

U 

0.28 

Normal 

None 

2.9 

156 

F 

0.28 

Normal 

None 

0.1 

200 

F 

0.32 

Normal 

Ntme 

3.8 

206 

¥ 

n.34 

Normal 

Non<‘ 

2.4 

202 

F 

0.37 

Normal 

None 

4.4 

163 

M‘ 

0 42 

Normal 

Noin* 

0.3 

161 

M 

0.43 

Normal 

None 

3.7 

162 

r 

0.46 

Normal 

None 

2.3 

1 65 

isr 

lh73 

Normal 

None 

3.4 

124“ 

F 

0.77 


None 

— 0.9 

167 

i\r 

1.16 

Normal 

None 

5.1 


^ Por last 14 days. 

“ This aniDinl was sick, refused food and lost weight. 


which have shown that, of the various tissues of tlie body of the guinea 
pig, tlie incisoi- teeth are the most sensitive to a vitamin 0 deficiency. 
In addition we have established the blood and tissue ascorbic acid con- 
centrations which result in a normal histological picture, and the levels 
at which pathological lesions occur. In table 2, a whole blood concen- 
tration of 0.22 mg. of ascorbic acid per 100 ml. represents a definite 
border-line where the earliesi pathological signs of a deficiency occur 
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in the incisor teeth of guinea pigs. This level was determined by a histo- 
logical diagnosis taking into consideration all of the criteria, discussed 
above. The diagnoses were made by one of us (I.R.T.) without knowl- 
edge of the blood concentrations of ascorbic acid. In view of the ratlier 
narrow range of blood concentrations (0.08 mg. to 0.22 mg. of ascorbic 
acid per 100 ml.) above which normal liistology was obsGrv(;d and be- 
low which the most severe pathological changes were found, table 2 
shows a striking correlation between chemical findings and histological 
observations. 

SUMMABV 

1. A study of the relation of the blood concentration of ascorbic acid 
to the tissue concentrations and to the histology of the teeth has been 
made in the guinea pig. 

2. The most efficient rate of withdrawal of ascorbic acid from the 
blood by liver, spleen, kidney, adrenal gland, brain, skeletal muscle and 
cardiac muscle occurs at a whole blood concentration of this vitamin 
near 0.25 mg. jier 100 ml. 

3. A concentration of ascorbic acid in the tissues reflected by a blood 
level above 0.22 mg. per 100 ml. of whole blood will prevent the appear- 
ance of any pathological lesions in the incisor teeth of the guinea pig. 

4. The most obvious pathological changes due to ascorbic acid defici- 
ency are to be found in the odontoblastic layer. 

5. An alteration in the calcification pattern of the iiici.sor teeth oc- 
curs at about the same blood levels as those associated with beginning 
changes in the odontoblastic layer, bni, the former changes are not as 
consistent or as easily interpreted. 

6. Conventional methods of determining the pre.semje of scurvy, such 
as the appearance of hemondiages, reduced groAvth rate, or loosening of 
the teeth, are too inaccurate and insensitive to he of any value in de- 
tecting a mild ascorbic acid deficiency in the guinea pig. 

7. An intake of 1.23 mg. of ascorbic acid per 100 gm. of body weight 
is required in the guinea pig to produce a whole blood level of 0.25 mg. 
per 100 ml. Translated to man, this requirement would he equivalent 
to an intake of 861 mg. per day on a basis of body weight or 196 mg. per 
day on a surface area basis. These data indicate that the vitamin C 
requirement of the guinea pig is higher than tliat of man. 

8. Since there has been observed in the guinea pig a definite relation 
between the concentration of ascorbic acid in the tissues and that in the 
blood, it is suggested that the determination of the ascorbic acid content 
of the whole Hood is the best procedure for evaluating Ihe nutritional 
status of an animal with respect to vitamin C. 
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Ii'esults rryorted in a previous publication on tliis subject (Black 
and Switt, ’43) failed to verify Ibe prevailing understanding tlmt the 
critical temperature for an animal I'eceiving food is lower than for tbe 
same animal during fasting. Hi this study the cur%’e of heat production 
in relation to the environmental temperature for rats receiving feed 
was found to be similar to the one obtained eaiiier {)Swift and Forbes, 
’39) for fasting rats except that somewhat more heat was produced in 
the feeding poiiods at temperatures above 26“ C. The authors, however, 
were careful to point nut that failure to find any effect of food on the • 
critical temperature did not prove that such an effect is non-oxiste,nt. 

Tlie problem has recently been subjected to furtlier i))vestigatioii 
mill three improvements in technic|ue, namely; (1) (he lieat production 
of the same sis rats was determined during feeding and during fast, 
rvhereas in the previous studios different groups of rats wore used for 
these two conditions; (2) the esperimeiiial subjects were reared at a 
practically coustant environmental tempm-ature of 30' 0., which was 
mthin the zone of thermal neutrality, whereas in the eaidier wm-k tliey 
were reared at a slightly suhcritical temperature; and (3) the diet fed 
was devised in the liglit of results obtained in other experiments at this 
laboratory (Forbes and Swift, ’44) in a manner calcnlated to produce 
a maximum dynamic effect. 

Six mature, male, albino rats wore used in this study, which extended 
over a period of 34 months. The ration consisted of a mixture of the 
stock colony diet® (56.2%) and ether-extracted beef muscle (43.8%). 
The ration contained 50.1%. protein, and was characterized by an energy 
value of 4558 cal. per gram. The rats were fed nearly the maximum 

‘Authorized for publication on June 13, 1944 as paper no. 1238 in the Journal Series of tho 
Pennsylvania Agrieultiiral Experiment Station. 

* Purina dog chow. 
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quantity tlioy would consume, liv(^ of tLern eacli eating 14 gm. of feed 
per day, and the sixth, animal consuming 11 gm. The daily allotment of 
feed was weighed out in two equal portions and fed at 7 a.^i. and 5 i-’.m. 
The feed intake was constant throughout the entire experiment, except 
that preceding the fasting periods, which Arero always at least 8 days 
apart, two consecutive portions of feed Avere withhold. Thus, a rat en- 
tering the respiration chamher at S a.m., in a fasting experiment, would 
have consumed its most recent portion of fe<nl, about 24 hours earliei-. 

The apparatus and procedure were similar to those Avhich have been 
described in previous publications (Swift and Foi’bes, ’39; Black and 
Swift, ’43). Bespiration moasuroinonts liegan at about 8 a.m. and con- 
tinued for 8 liours. During this inter\'al the COo was determined at the; 
end of the first, second, third, sixth, and eightli lionrs. Tlio entire periofl 
was used to detei'inino the respii'nt oi*y quotient and total oxygen con- 
sumption, while for the computation of the metabolism during rest, the 
subperiods of inappreciable activity and uniform COo production were 
used. 

A distinct adAUintage of using the same six rats throughout the entire 
experiment Avas that, as the animals became accustomed to the I’outine, 
they remained quiet, not only Avliile being Aveighed on a largo ehaino- 
matic balance at the l>eginning and end of each resjiiration period, but 
also during a largo pai't of the 8 hours spent in tlu^ I'espiration chamber. 
This is important, since the selection of the iuterAuils of 00^ mcasuia;- 
meut to represent the nn.'tabolism during rest is fraught Avith some de- 
gree of umiortiiinty even Avhen Avork adders are used as indicators of 
aetiAuty. In order to make such seh'ction loss arbitrary, in the experi- 
ment here reported, 1he inteiwals used to represent the metabolism 
during nhnimnm aclivity Avore tliose in Avhich the COa fell Avithin dr (V/c 
of the avei'age for the day for the animal in question, excluding from 
the UA’^erago a proliiiiinary peilod since the animal aatis not exposed t(.) 
the temperature of the res])iration (‘liainher until the beginning of this 
period. Furfliermore, it is to be exiiected that there Avonld he a lag in 
the physiological response of the animal to the euA'ironmental tem- 
perature. 

The temperature of the respiration cliamber, immersed in a water 
hath, Avas higher tliau that of the hath, especially at the lower tempera- 
tures. At a. bath teraper-ature of 12.9“0. the chamher registered 15°0., 
whereas at a bath temperature of 31"0., or above, the difference Avas 
negligible. The temperature inside the chamlxu’ Avas taken as the en- 
vironmental tciuperalure. 
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Aftei* the respiration measurements were completed, the urine and 
feces were collected separately during a feeding period of 8 days. The 
urinary nitrogen Avas used as a basis for the derivation of th(! heat pro- 
duced by the oxidation of protein, and for the derivation of the non- 
protein respiratory quotient in the usual manner. In the fasting periods, 
the respiratory quotients were not corrected for the protein metabolism. 

The chronological order in which the exjjcriments wort* condncted is 
shown ill tablt,‘ 1. In all eases, any feeding peiiod was followed immedi- 
ately by a fasting period at the same temperature, ihn' live weight of 
the rats during the 3-i months was nearly constant, iii('reasii),g from an 
average of 32(1 gm. to 33() gm. foi‘ Ihe fiw'ding ])erio(ls, and fr<mi 300 gtn. 
to 311 gm. during the fasting periods. The fasting heat production of 
eaeli rat for each day Avas conqiul.ed In a live wdglii of M!0 gm. in ai*- 
cord Avitli the 0.73 poAimr of the Im-; Avcight. Tiie In-nt piAidiictioii of the 
feeding periods AAms used as determined. 

The use of the same rats throughout the experimenl alloAved tin; ap- 
plication of Student’s method in evaluating the results, the measure- 
ments of heat production as obtained from a giA'en rat at two dilferont 
temperatures constituting a jiaif of ohservatious. The odds of signifi- 
cance shown ill table 1 haAm been derived by eonqiariug the vodues for 
the heat production of each of the six rats Avith the eorrc>sjiondiug Aualues 
at different tomperatures. It is ohvieus that if the differences in en- 
viroiimeiilal temperature arc Arery small, no slaiislicaliy signifa'aut dif- 
ference could he shoAvn to exist between ihe A'nliies for heat production 
at any two conse(‘.ntiA'e teniporatnres. Tlu* 1<‘mperainr(-s. for Avhieh tlie 
heat productions Aveve (iompared in evaluating the signiticance of the 
differences betAveen these Amines, are indicated iit table 1. 

The i‘espiratory quotients in all feeding and fastiiig |i(‘riods Avei'o ex- 
tremely uniform amon.g the 6 rats for any gi\'en teui]iei‘atiir<-. In ac- 
cord with a finding by SAvift (’32) that jn'oteiu tueialioli.'.rn is unaffected 
by exposure to cold, it vauis considm-ed that the jiroiein niefaholism in 
the feeding periods, at all teuqieriduros, Avas re])resenied Avitliout sig- 
nificant error by the urinary nitrogen obtained during the H-tlr.y collec- 
tion period, in which the envivoinnental temperature was A'cry close to 
30°C. It is interesting to note that, throughout the range of thermal 
neutrality of the eiiviroimient, about 71';; of the t.oial lieat Avas derived 
from protein, Avhile at IS^C. protein furnished 41 y;- of the heat, AAuth a 
concomitant increase in the amount of fat oxidiz(‘d. 

Wlien this study Avas niulertalren it Avas considered that the effect of 
feeding might he not only to lower the critical temperatuia.*, hut. that 
with fall in the temperature beloAv the eritical for fasting there Avould 
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be no increase in boat production ditring feeding periods until all of the 
beat increment of tbe food as observed during thernud neutrality bad 
been utilized to prevent an increased metabolism due to cold. However, 
figure 1 shows tbat only about two tliirds of tbe boat incromeut was ef- 
fective in this respect, since tbe difference betwecnr tbe beat ]>ro(bictiou 
of feed and of fast was about one tbird as great at subcritical terapera- 
tui’es as witbin tbe zone ot tbermal neutrality. In oilier words, rve rna v 
consider tbat at subcritical temperatures, at least from 15'’ to 23°U., 
about two thirds of the boat increment is ‘'useful” to tlu' rat. It is rec- 
ognized tbat any effect which feeding or fasting may have exerted on 
the constancy of body temperature is an inlegraJ part of the results 
obtained. 



temperature “c 


Tbe results depicted in figure 1, and in table 1, are largely self-ex- 
planatory. Tbe range of tbermal nentrality for fasting rats is shown 
to be from 28° to 33°C. Tlie observed critical temperature (28°C.) is 2 
degrees lower tban as reported in a previous publication (Swift and 
Forbes, ’39), tbe upper limit of tbe zone of thermal neutrality bemg 
the same as previously found. It is possible tbat the residual effect of 
the very high protem diet fed in tbe present experimental work ac- 
counts for this difference. Tbe range of tbermal neutrality for tbe rats 
while receiving feed was from 27° to 32°C. Thus, tbe consumption of 
feed characterized by a high dynamic effect resulted in tbe lowering of 
both the upper and tbe lower limits of the zone of thermal neutrality 
by 1°C. 

It is concluded, therefore, tbat energy metabolism studies with albino 
rats, either with or without feed, may pro]mrly be condiuded at 30°0. 
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The plotting of the data for each rat produced a curve of heat pro- 
duction closely similar to the curve representing the six animals as 
shown in figure 1. 

At the start of the experiment five of the six rats were 6 months of age, 
the sixth animal being slightly more than 1 year old. Each rat was 
fasted a total of eleven times, and in ten instances the oldest individual 
produced more heat (correlated to uniform live weight) at each tempera- 
ture than did any of the younger rats. At all temperatures the heat 
production of the oldest rat exceeded the average heat production for 
the six rats. The amount by which the heat production of the oldest 
rat exceeded the average heat production of the other five rats in the 
eleven fasting periods was 12.9%. This is in accoi’d with a result re- 
ported by Benedict and MacLeod ( ’29) who found that the metabolism 
of fasting rats increases with age. 

SUMMAEY 

The heat production of six mature, male, albino rats was determined 
while receiving a diet characterized by a high dynamic effect, and also 
while fasting, at environmental temperatures ranging from 15° to 34° C. 
The zone of thermal neutrality for the fasting rats was found to be 
from 28° to 33°C., the effect of feed being to lower both limits of this 
range by 1°C. About one third of the heat increment of the food as ob- 
served in the zone of thermal neutrality was manifest below the critical 
temperature. 

lilTERATURl!: CITED 

Benedict, F. Gr., and G, MacLeod 1929 The heat production of the albino rat. II. Influence 
of environmeiital teniperaturo, age, and sex; comparison with the basal metabolism 
of man. J. Nutrition, vol 1, p. 367. 

Black, A., and W. Swift 1943 The critical temperature for the alluno rat as affected by 
feeding. J. Nutrition, vol, 25, p. 127. 

Forbes, E. B., and R. W. Swift, with the technical collaboration of Ann Greenwood 
Buckman, Jane E. Schopfee and Mary T. Davenport 1944 Associative dynamic 
effects of protein, carbohydrate and fat. J. Nutrition, vol. 27, p. 453. 

Swift, E. W. 1932 The effects of low environmental temperature ux>on metabolism. II. The 
intiuence of shivering, subcutaneous fnt, and skin t<imperature on heat production. 
J. Nutrition, vol. 5, p. 227. 

Swift, B. W., and B. M. Forbes 1939 The heat production of the fasting rat in relation to 
the environmental temperature. J. Nutrition, vol. 18, p 307. 



THE BIOLOGICAL ASSAY OE^ VITAMIN A MEANS OF 
ITS INFLUENCE ON THE CELLULATl CON”rENTS 
OF THE VAGINA OF RATS 

LEONABD 1. PUGSLEY, GORDON WTLtS AND \V. ALIAS^TIOK CRANDADD 
Lahoyaiorji nf Ei/aiene, Beparlmcyil of FrtixioiiK louf Kniioiial lU-iil.lh. .OHmm, Canada 


ONE FIGURE 

(Beedvvd fur publleatioii Jiau* 9, 1944) 


Elvaiis and BiMiop (’22) observed tliat young rats ted a vitamin A 
deficient diet failed to show the normal cyclic cbanges in tlie cellular 
contents of tlie vagina and the squamous cells normally present during 
estrus were seen continuously. Attempts were made by a number of 
workers, Cowai'd ( ’29), Hohlweg and Doliin ( ’30), Bauman and Steen- 
bock ( ’32), Moll et al. ( ’33), Coward et al. ( ’35), Coward ( ’38) and Goss 
and Guilbert (’39) to use this phenomenon as a criterion of response 
for the biological assay of vitamin A and its precursors. 

In view of the relatively low degree* of precision attained, duration 
of the test and the difficulties encountered in pei-forming a satisfactory 
assay by tlie metbods outlined in the United States Pharmacopoeia XTI 
(’42) and British Pharmacopoeia (’32) addendum (’3(5) it appeared 
worthwhile to make a further study of the vagiual smear method to 
see if a practical and convenient procedure for the biological assay of 
vitamin A could be obtained yielding more precise values tlian those 
depending on aii increase iri body weight. 

METHOD 

During a period of 10 to 12 days 100 or more female rats at 21 days 
of age are obtained from the stock colony. They are fed the mainte- 
nance diet (table 1) and kept in sereened-bottom cages until vaginal in- 
troitns occurs in the whole gronp.^ At this time the whole group is 
ovariectomized (Burn, ’37), and 2 to 3 days following the operation 
vaginal smears are taken from the whole group. Depending on the 
dominant tj^ie of cell present in the smear the rats are retained on the 
maintenance diet or fed the vitamin A free diet (table 1). If leucbcjdes 

^Tlie mean age of vaginal IntvoitiiH in the Laboratory of Hygiene eolony of rats of Wi$tar 
strain is 45.2 di 4.1 
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predominate, the rats are fed the vitamin A free diet and the smears are 
examined bi-weekly until there is a dominance of squamous cells mixed 
with epithelial cells and leucocytes (stage 3, see below). Some of the 
rats reach this stage or one approaching it on the maintenance diet and 
they are retained on this diet until the remainder of the group shows 
the same evidence of depletion. When the whole group is near deple- 
tion, as shown by the vaginal sraeai’, the rats are weighed, placed on the 
vitamin A free diet and smears are examined daily until all show uni- 
formly a dominance of squamous cells (stages 1 and 2). This usually 
requires 3 to 4 days. The rats are weighed again and any showing a 
marked loss in weight (10 gm. or more) are excluded. The rats are 
divided into at least six groups on the basis of equal distribution of 
body weight. Three of the groups receive doses of the standard and 

TABLE 1 


Diets used /or the hiologxcdl assail of vitamin A bii the vaginal smear technique. 


OOJtPONENT 

DIET 

Vitamin A fret‘ 

Maintenance 

JikB starch, dextrinized 

05% 

58% 

Casein, vitamm>free (Lahco) 

18% 

18% 

Brewers’ yeast, fat-free 

8% 


Fawers’ yeast 


8%. 

Corn oil (Mazola j 

5% 

5% 

Wheat germ 


7% 

Salt mixture (XJ.S.P.XII) 

4% 

4% 

Vitamin I) (viosterol) : per 100 gm. 

HOO T.U. 

son i.TJ. 


the remaining three groups doses of the sample. The doses of vitamin 
A are made up in cocoanut oil and administered orally moiTiing and 
night for 2 successive days in a volume of 0.1 ml. by means of a tuber- 
culin syringe bearing a 20-gauge needle cut off at 1.5 cm. In the case 
of low potency products the volume administered can be increased to 
0.25 mi. and the dosing time extended to 4 days. Beginning on the day 
following the last dose vaginal smears are taken daily for 3 successive 
days and subsequent smears are made according to the type of cells 
present in the last smear. 

’ A smear is made with pledgets of cotton on a tooth pick, which is 
moistened with water, introduced into the vagina, rotated once and 
laid on a slide bearing the number of the rat. A drop of water is added 
to the slide, the cotton rubbed through this and the smear i-ead without 
staining under the low power of a inicroseopo. The smears are recorded 
as indicated in table 2 depending on the predominant type of cells 
present. 
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All rats ill stages 1 and 2 are reg’ardod as depleted ol’ vitamin A and 
the remainder as not depleted. As soon as the smeai-s fall into stages 
3 and 4, daily smears should he; taken and examined so that the end- 
point of the depletion (stages 1 and 2) may not be missed. The appear- 
ance of the smears of the dejdeted rats is siniilai- to tlie full estims 
smear encountered witli ovaidectomized rats treated \nth estrogen or 
the squamous stage of the normal estrns cycle except a few lencocyte.s 
persist in some and stage 2 is included to take (“are of these. 


TAliLE ‘2 

iHiCdlc KSed iu vecovding the vluivavivr of tltv vogifuil sttodt’ atfd flu ron't Hpomdlug iu 

■vitamiu A deficicncii. 


STAGF. 

SYMBOlj 

TA'PES OP OFTiOS | 

KTAOE 

SYMBOL 

I’YeES up fKLLS 

1 

+ 

8qiiaiiu)us eclls ^ 

5 

-f- h 

rjcucoi-ytes with a few epi- 





-E 

the] la 1 cells 

o 

± {4 

Squamous cells with a few | 






leueocTtes 

f) 

4-E 

Leucocytes with a few squa- 





H 

mous cells 

o 

O 

4- S 

Squamous cells with epi- j 





-E 

thelial cells and a few 

7 


Leucocytes 



leucocytes 




4 

4-E 

Epithelial cells with squa- 

1 




-8 

mous cells and a few 






leucocytes 





The response is taken as the number of days, beginning with the 
first day of dosing, required for the cellular contents of the vagina to 
change from the squamous ccdls, stages 1 and 2 ((hqileted state) to 
leucocytes or a mixture of louco(>ytes, epithelial and squamous cells, 
stages 3 to 7 (curative state) and i-etnrn to squamous cells, stages 1 or 
2 (depleted state). As soon as any rat on a dosage level shows stages 
1 or 2 (depleted state) it is returned to the maintenance diet. Three to 
4 days after an assay is completed the whole group of rats is weighed, 
the smears examined and the animals given the vitamin A free diet. 
When the whole group is uniformly depleted (usually 3 to 5 days later) 
the rats are weighed again, grouped as above and utilized for another 
assay. The same group of rats can be used repeatedly in this manner 
for eight to ten assays or until it becomes too small to use to advantage, 

EXPERIMENTAL 

To evaluate the method using a relatively wide range of doses and 
to establish the relation betiveen dose and response which gives the 
best measure of potency, the following experiment was performed. 
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Eightj-four ]-ats were depleted of their vitamin A reserves as described 
above and assembled iii sis groups of fourteen rats each. Doses of 
vitamin A from 50 to 524 International Units (I.U.) were prepared 
from the Canadian Standard Reference oil by dilution with cocoanut 
oil, each dose being 1.6 times the previous dose. The results are shown 
in table 3 and graphically in figure 1. It is seen that the points fit a 


TABLE 3 


The response of rats to vltamm J. 


GROUP 

NO. 

xo. or 

BATS 

DOSE IN 
lAJ, 

LOG DOSE 

IN I.U, 

nEAN ARITH. 
RESPONSE 

IN DAYS 

MEAN LOG 
EESPONSE 

IN DATS 

S.B. 3 .at) 1 

LOG RESPONSE 

1 

14 

dO.O 

1.6990 

9.U0 

.9543 

.0411 

2 

14 

80.0 

1.9031 

11.49 

1.0602 

.0280 

n 

i> 

14 

128.0 

2.1072 

14.94 

1.1742 

.0269 

4 

14 

204.8 

2.3113 

18.86 

1.2754 

.0201 

5 

14 

327.7 

2.5155 

24.47 

1.3888 

.0085 

6 

14 

524.3 

2.7195 

30.47 

1.4838 

.0109 


^ S. E, ™ StandartJ Error = 

\ n(n — I) 



Fig. 1 TJie logarithmic relation between doi^e and response to vitamin A. The vertical lines 
above and below the points are 1.96 X the standard error of the means expressed as logarithms. 
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straight line reasonably well oTer this relatively wide raage ttf iloses, 
when the logarithm of the dose is plotted against tlie logarithm of re- 
sponse. The straight line i.s represented by the etjuation log. y === 1.222 
+ 0.522 (log. s- 2.209). 

The results were subjected to factorial analyse.s to detoriiiine the 
best method of expressing the values for a linear do.sage resiionse curve*. 
Groups 1, 3 and 5 were taken as the standard and 2, 4 and 0 as the 
sample. Since most graded response assays follow a lognritbinic dose 
and an arithmetic response relationsliip this wa.s ealenhded first. Ac- 
cording to the variance ratio (talile 4, column 2) tlie do.sage response 
curve shows a significant amount of curvature and the lines are not 
parallel. The critical value at the 5% level of significance and the 
number of degrees of freedom in this e.\'])eriment is ap])roximatt*ly 4.9 
(Fisher and 'Yates, ’38). On the other liand when the Ingaritlmi of fhe 

TABLE 4 

The variance ratios ‘using the logarlUm of the dose and the arlthinotie resgonsr and llo- 
logarifhm of the dose and the htgnriltnn of the rfugotisr. 

V.A.TWAXCF, It.XTTO YABIA^ICK 

IjOG DOSK Ar.fTH. LifG I>081J I.OG Rl'SPO^■«;F 

Sample 
Slope 

Parallelism 
Curvature 
Opposed curvature 


dose and tlic logarithm of response nre 1lie vninruiee rai.io (tnhle 

4, column 3) indicates there* is not n signillcant deg"!‘(*e ot cnrvatiiro and 
the lines are parallel. The variance ratios wove ealciilatcMl in this mnn- 
ner for sixteen assays; ami, using the logarithm of the dose and the 
arithmetic response, the ratio exceeded the crilieai Vidue in eight cases 
with respect to curvature and in two cases ivith respe(f.t to parallelism, 
while using logarithm of the dose and lognritlnn of response the ratio 
was well beloAV the critical value in. all assays. From these results it is 
concluded that this type of assay follows a logarithm of the dose ami a 
logarithm of ro.spouse rolation.ship. 

Referring to the data in talfio 3 using groups 1 , 3 and 5 as th(> standard 
and 2, 4 and 6 as the sample the most pu-ohahle value for the ratio M was 
1.55 with a range of 1.40 to 1.70 (p ---=^ 0.95). The actual value was 1.60. 

The precision and reprodin-ihility of the mi'diod was determiiiml by 
assaying the Canadian Standard Reference oil against itself. The oil or 
various dilutions of it were presented as unknovms to the authors. An 
approximate potency was revealed to ].)ermit tlie preparation of desir- 


ii4.Rn 



114U.2S 

14,;18 

.18 


.t)T 

.23 

.(JO 
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able dosage levels and tlio actual potency was reported after the assay 
and the calculations Avore completed. Three dosage levels of the stand- 
ard and unknown in cocoauut oil were u.sed in all these assays and the 
data were calculated by the method of Bliss and Marks (’39). The 
assays were set up witJi equal numbers of rats on each dosage level, but 
occasional deaths occurred and the whole group for the purpose of tlie 
calculations was I'educed accordingly !)y striking olf the last animal in 
the list whei'e extra ones occurred in order to balance the groups. The 
results are shown in table 5. It is seen that the potency determined by 
assay agrees satisfactorily with the time jiotency. 


TAB! a; n 

TJic irt'cci.noti and reproducihilitu af the method of dMaii. 


AS,SA^ 

N(K OV 

HA'l'S 

POTKNt'V 

KOl’Nl) IX 

UK EltKiOH 

TK!^T X IdHl 

ACTUAL POTlvXCY 



/.r. 


j.r. 

1 

4)1 

1880 

87.C _ 1U.7 

1700 

1} 

54 

.1730 

— 107.2 

1700 

o 

(3(.) 

1460 

03.7 — 10(1.6 

1445 

4 

48 

780 

88.2 ~ 113.3 

790 


In order to show the versatile apiilication of the method the results 
obtained with a group of miscellaneous products are presented in table 
6. These products were assayed against the Canadian Standard Refer- 
ence oil using cocoauut oil as the diluent for the dosage levels except in 
the case of spinach, mixed vegetable juices, milk chocolate powder and 
dehydrated egg iiowdei’, where water was used. It Avas necessary to ex- 
tend the dosing period to 3 days with the butter and the spinach and 4 
days Avith the mixed AUigetable juices and egg poAvder because of their 
loAV potency. The dosage kwels of these latter product.s were made ade- 
quate by increasing the amounts administered, and the .standard in oil 
A\ms administered in the same manner. The slopes of the dosage re- 
sponse curve.s of the products in aqueous medium Avere not significantly 
different from that of the standard in oil. No difficulties were encoun- 
tered in these assays and the method apxnavrs applicable to a variety of 
products. 

To determine if A'ariations in the initial weiglit of the rats influenced 
the precision of the assay, tire body weights of all rats in each of four 
assays AA^ere reduced to a common Aovlue by analysing the data by co- 
variance (Bliss and Marks, ’39). The reduction in the error (table 7) 
is not sufficient to require a correction or to limit the ranges of body 
weight below those used in these tests. It is seen from the standard 
deviation of the mean bodv Aveight that considerable variation existed 
at the time of assembling the groups. 
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The same sample of cod liver oil was assayed tlu'ee times aj^ainst the 
lutenuitional Standard p Carotene by (a) the vaginal smem- method 
and (b) by the procedure outlined in the British Pharmacopoeia (’32) 
addendum (’36) using the 5 weeks dosing schedule. It is seen (table 8) 
that the vitamin A potency determined liy the vaginal smear method is 
approximately the same as the potency determined liy the increase in 
weight method. The difference between the two weighted means is not 
significant (t = 0.526). The three assays by the vaginal smear method 


TABLE (i 



M u-tccUanfons o,s\sw/a’. 


I'ltODUrT 

no. iw 
BATS 

poTKNev : 

OF potbxcy; 

SM X 1.96 

Cod liver oil 

48 

IJJ./ per fim. 

1480 

1300 to 1680 

Shark liver oil 

48 

27700 

24700 to 31000 

Distilled vitamin A 
concentrate 

72 

30740(J 

286500 to 320800 

One per cent vitamin A 
acetate in Wesson oil 

60 

4B0O0 

41800 to 51300 

Dairy butter 

55 

81 

76 to 86 

Strained spinach 

68 

m 

52 to 67 

Mixed vegfetable juices 

50 

22 

17 to 28 

Milk chocolate powder 

56 

184 

157 to 2.15 

Dehydrated egg powder 

3a 

7 

4 to 11 

TJie efert 

of hod if u'eUjht 

TABLE 1 

on the rurhiHOo for r. 

:r [iorimenUd error. 


VAK.iA>rci:; vmi 


ASSAY 

NO. 

NO. OF 
JtAT.S 

MOAN WT. 

(ur. 

.STAND Aim 
DEVIATION 

VAKlANOFi FfdJ 
rc X !*K K I M K NT AL FRIH ) f E 

5'.S CEBI AIEN’J’AL KH KOli 
eOEKEOTED FCJIE 
RODY WEIOHT 

1 

84 

136.3 

18.3 

.00228 

.00222 

2 

48 

ISS.O 

16.4 

.00257 

.00257 

3 

54 

00 

o 

18.0 

.00134 

.00120 

4 

60 

171.2 

21,1 

.00126 

.00124 


were done on the same group of rats and it I’eqnired approximately 2 
weeks to complete each of them with an interval of 4 to 6 days between 
assays. On the other hand three groups of rats were required for the 
increase in weight method which involved a 5-weeks dosing sehednle 
and the assay in each case ivas iirolonged for approximately 7 weeks 
duo to replacements on account of deaths during the first 2 weeks. It is 
quite evident from these results, that the vaginal smear method show's a 
decided advantage with respect to precision and economy of material, 
time and effort. 
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Hickman et al. (’44) have shown that mixed natural tocopherols eii- 
■hance the growth promoting properties of vitamin A. It was considered 
advisable to see if tocopherols produced a similar effect in the vaginal 
•smear response to vitamin A. This was done by assaying the Canadian 
Standard Bcference oil against itself and administering a tocopherol “ 
or mixed natmnl tocopherol with the doses at the various levels 
(total dose) indicated in table 9, assays 1 to 7. Also the International 
Standard (3-Carotene was assayed against itself vith the addition of 
a tocopherol to the sample (assay 8 table 9). It is seen that when 
a tocopherol is administered with both the standai-d and the sample 
in amounts of 0.5 mg., the ratio of the potency of the sample to 
that of the standard remains unchanged within the limits of error 


TABLE 8 

J eomparUon of thf vaginal smear method and the increase in weight method for the assay of 

vitamin A. 

KO. OF POTlSNClSr ’ IjIMITS OF ERliOit SM X l.iH> 

R.ATS IN l.U, IN PER GENT 




Vaginal smear method 


1 

60 

1482 

88.6 to 112.9 

o 

o6 

1561 

86.0 to 113.6 

3 

57 

1445 

S9.9tolll,2 

Wcvighted mean 


1480 

93.2 to 107.3 



Increase in weight iiietliod 


1 

52 

1727 

82.0 to 124.7 

2 

48 

1165 

68.9 to 145.2 

3 

52 

1560 

69.4 to 143.7 

Weii^lited menu 


1561 

84.5 to 118.3 


of the assay. There was no evidence fi'om the variance ratios or 
the slope of the dosage response curve that the tocopherol produced any 
irregularities in this assay. On the other hand, when a tocopherol or 
mixed natural tocopherol was added to the doses regarded as the 
sample, there was a significant difference betw’een the standard and 
sample in assays 2, 4 and 5. In all these assays the tocopherol shoves 
the power to enhance the activity of the. sample, and the mi.xed natural 
tocopherol produced a greater effect than the a tocopherol. However, 
when the a tocopherol was administered, adding 0.5 mg. to the standard 
and 2.0 mg. to the sample (assay 6), there was not a significant differ- 
ence between standard and sample. This was repeated (assay 7) with 
1.0 mg. of mixed natural tocopherol added to the standard and 4.0 mg. 

^ From tho B. M, A. Corporation, 

^From Distillation Products^ Ine, 
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to the sample with the same result. These experiments indieat.e that if 
an oil is suspected of containing tocopherol the true vitamin A activity 
can he determined if an amount of tocoxiherol above the optimum (0.5 
mg.) is administered with the standard and a similar amount added to 
the doses of the sample since an excess above 0.5 mg. does not produce 
an added effect. The experiment with p carotene illn.strates that toco- 
jiherol enhances its activity since there is a signiJicant ditTeronce between 

TABLE 9 




Thr r 

'JfeH of toeopheroh^ 

on Uw rf'ftponsf (o 

r it am hi J. 

§1 

KO. OF 
RATS 

KATIO OF 
SAMPLE TO 
STANBARD 

LIMITS OF i:jiKOR 

IK PER CENT 

BM X 1 .96 

VARlAEClfi 

RATIO FOR 
SAMPIJCS 

EKMARRH 

.1 

54 

1.02 

90.5 to 107.1 

0.270 

Caiiailiaii Btaiidard Rofereiice 
oil with 0.5 lug. a toeoplierol 
added to both Htandard and 
saiiiplo. 

2 

44 

1 22 

88.7 to 1.12.7 

13.04 

0.5 lug. atot'opherol addod to 
sample. 

o 

28 

1.20 

79.0 to 126.5 

2.83 

0.5 iiig. a toi'oplierol added to 
sample. 

4 

44 

1.56 

79.9 to 125.1 

17.10 

4.0 mg, mixed Jiatiiral toeopheroi 
added to sample. 

5 

44 

1.62 

77.0 to 129.8 

19.40 

1.0 mg, mixed natural toeopherol 
added to .sample. 

0 

60 

0.96 

00 

b 

.i-i 

ba 

0.41 

0.5 mg. a tocopherol added to 
Htaiidard and 2.0 rag. atoeo* 
pherol to sample. 

t 

44 

1.01 

8S.0 tolKl.6 

0.11 

1.0 rag, mixed natural to<iO« 
plierol added to standard and 
4.0 rag. mixed natural toeo- 
pherol to sample. 


72 

1.10 

93.4 to 107.4 

4.11 

^ carotene with 0,5 rag, a toco- 
pherol add(!d to the samplo. 


the standard and sample according to the variance ratio. These experi- 
ments confirm those of Hickman et al. (’44) indicating that tocopherols 
augment the effect of vitamin A, but this augmentation can be controlled 
in an assay by ensuring that tocopherol is afhninistercd with tbe dn.ses 
in amounts above the optimum to both .standard an<l sample. 

It was observed that the .squamous cells in the vaginal .smear of de- 
pleted rats disappeared 3 to 5 days after dosing with vitamin A. At- 
tempts were made to nse the absence of squamous cells from the .smears 
as a criterion of i-esponse in the same manner as the ali.senee of leuco- 
cytes is used as a criterion of response in tbe assays of estrogens. Bats 
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were depleted as described above and assembled for four dosage levels 
of vitamin A. The doses were administered orally once daily for 5 days 
and the smears were examined daily for 6 or more days after dosing. 
The percentage of rats on each dosage level showing the absence of 
squamous cells in their smears between the third and fifth day after dos- 
ing was taken and the slope of the dosage response curve calculated ac- 
cording to the method of Bliss ( ’35) for the quantal response data. It 
is seen (table 10) that the slope (b) of the dosage response curve is 
relatively low for a precise method of assay. Difficulties were encoun- 
tered in obtaining clear-cut end points and this criterion of response wa.s 
rejected in favor of the one described above. 


TABLE 10 

Quavfal respfynse assapa for rifaviin J. 


cmvB 

KO. 

NO, OP 

KATS 

b 

vb 

RDno 

I.U. 

1 

46 

5.045 

1.943 

99.7 

0 

60 

8.095 

2.704 

129.2 

3 

57 

4.325 

1.281 

129.2 

4 

61 

1.445 

0.987 

95.4 

5 

34 

3.146 

3.508 

109.2 

6 

65 

1.568 

0.216 

136.6 

Mean 


2.103 




DISCUSSION 

The assay of vitamin A by its effect on growth rate, as measured in 
terms of the weight of rats fed on a relatively purified diet deficient in 
vitamin A and undoubtedly in other factors as well, makes such an assay 
method unsatisfactory on account of the relatively non-specific type of 
response. While vitamin A has some effect on growth there are a num- 
ber of factors concerned in such a response, and vitamin A is not nec- 
essarily the limiting one under the existing conditions. On the other 
hand the change produced in epithelial structures is one of the most 
characteristic effects of a vitamin A deficiency. It is completely re- 
versible and occurs regardless of age., The role of vitamin A in the 
normal differentiation of cells has thus far not been explained satisfac- 
torily. The production of keratinized cells in the cellular contents of the 
vagina of rats deficient in vitamin A makes a readily available and 
pi’actical means of measuring the response to vitamin A. 

The diet usually employed to produce a vitamin A deficiency is not 
well balanced with respect to the B vitamins ; and to render the rats 
deficient in vitamin A but in an otherwise more satisfactory nutritional 
condition, a maintenance diet was employed for the primary depletion 
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period and to support tlie rats at low levels of vitamin A res<‘rve be- 
tween tests. A number of substitutions and additions to the A free ra- 
tion were tried in an attempt to devise a satisfactory inaintenaiico diet, 
namely (a) feeding tbe vitamin A free diet and a maintenance dose of 
vitamin A, (b) adding skim milk powder to tbe amount of :V,o of the 
diet, (c) substituting unextracted commercial casein for extracted 
casein in the A free diet, (d) adding wheat germ to the A free diet to 
the amount of 5, 7 and 10%, and (e) adding wheat germ to the amount 
of 7% and substituting unextracte<l casein for (ixtracfml casein and 
brewers’ yeast for fat-free yeast. The last alteration of the A free diet 
proved more satisfactory and convenient. When the maintenance diet 
(table 1) was prepared at weekly intervals in this manner and fed dur- 
ing the primary depletion period, a steady increase in weight occurred 
and the rats were in a better nutritional condition than when the A free 
diet alone was fed. The amount of carotene in the maintenance diet ap- 
pears to be just enough for subsistence and at the sann* time to render 
the rats easily depleted upon feeding the A free diet. No difficHltie.s 
have been encountered with different lots of commercial casein and 
wheat germ obtained over a period of 2 years. 

Attempts were made to hasten vaginal introitus by the administra- 
tion of estrogens. Following subcutaneous injection of an a{i[ueous solu- 
tion of diethylstilbestrol (0.2 ml. = 2 gg.) into a group of 30 rats 25 to 
35 days of age and estrone (0.2 ml. — 5 gg.) into another group of 30 
rats of the same age, rupture of the vaginal membrane occurred 4 t(^ (i 
days later and the rats were ready for ovariectomy. Although tliis 
treatment is unnecessary it has the advantage of saving time ixi cluicking 
the rats for vaginal introitus during the primary <lep]etion period. In a 
fev" cases when puberty was allowed to proceed naturally, and vaginal 
introitus was delayed in a few rats in tbe group, the membrane over the 
vagina was punctured with a needle. This intervention and the adminis- 
tration of estrogens did not interfere with the subsequent reaction of 
the rats to vitamin A. 

Intact female rats have been used by other workers to demonstrate 
the effect of vitamin A on the cellular contents of the vagina. It was 
considei'ed that the ovariectomized rat -wonld be a more satisfactory 
animal to use, since the removal of the ovaries ensures that the response 
will not be interpreted as a normal or a prolonged estrns effect. No 
post-operative infections occxirred wdien the vitamin A deficient rats 
were ovariectomized without precautions as to sterility, and tio in- 
stances of regeneration of ovarian tissue liave been encountered. Tliis 
operation is a relatively simple one requiring 3 to 4 minutes per rat, 
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and after one has obtained experience in administering the anaesthetic 
the deaths at operation are nil. 

The progress of the depletion and the response is quite adequately 
followed by the system of symbols recommended. In some eases the 
smears are slightly diiScult to interpret due to the persistence of leuco- 
cytes. This usually occurs when the rats are suffering from an infection 
of the iirogenital or respiratory tracts. A confii'matory reading often 
clears up any doubts regarding the end point of the test. It was found 
that as soon as the cells in the smears become predominately squamous 
in the vitamin A depleted rats, such a condition persists until death 
occurs. The smears are examined only once daily, since it was consid- 
ered impractical and inconvenient to read them more frequently. 
Smears may be read quite satisfactorily 24 hours after they are ob- 
tained providing they are moistened and covered. This practice of 
having an assistant take the smears on Sunday and to delay the read- 
ing until Monday was followed in a few assays. 

The response of the rats on the low dosage level was questionable in 
a few assays because the dose of vitamin A was not sufficient to cause 
a change from the squamous cells to epithelial cells and leucocytes 
during the 3 days after dosing. Groups of rats reacting in this manner 
were excluded from the calculations. It hks been observed that the 
dosage levels can be arranged for unlmown oils quite satisfactorily 
when the L value per gram as determined eolorimetrically by the method 
of Dann and Evelyn ( ’38) is interpreted directly in International Units. 
The minimum total dose for a satisfactory response in our colony of 
rats is between 45 and 60 1.IT. of vitamin A. 

Greater uniformity is obtained if complete groups of rats are as- 
sembled for a test, rather than to begin dosing a few rats at a time as 
they become depleted. The former method requires some shifting of the 
rats from the A free diet to the maintenance diet and vice versa, but it 
is only in the primary depiction period that this shifting requires much 
attention. After the first assay is completed the rats become depleted 
at a remarkably uniform rate for subsequent assays. 

A linear dosage response relationship is obtained by plotting the 
logarithm of the dose against the .logarithm of the response and in 
this respect the method differs from most assay procedures of a con- 
tinuous variate type in which a linear relationship is obtained by plot- 
ting tJie logarithm of the dose against the arithmetic response. In this 
connection De Graff et al. (’41) have shown that the assay of digitalis 
glucosides by the crabiyonic chick heart follows a logarithm of the dose 
and a logarithm of the response relationship. To show that the varia- 
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tioES 111 i*ospoiisc ol tlio iiKlividiiai doscigT IgvoIs follow n uoi'ihg! distri • 
bution curve, the responses obtained witb cacb of throe dosat'-o lovid.s of 
the Canadian Standard Reference oil were pooled for ei(.!veu ;i.ssav:r 
which gave 100 rats pei- dosage level. When the days were grttniiCMl for 
each dosage level and the resulting percentages ca]en]iitc>(i, a iiornu)] 
curve of distribution for each dosage level was obtained. 

Tbe precision of tliis nietbod of assay is relatively <>re;d(M- than that 
obtained with tbe increase in weight nieihod of assay. Typical values 
of the limits of error attainable hy the method using different munhers 
ot rats pel’ assay are shown in tables f) and fl and a direct (nnpjarisoii 
with the increase in weight method is shown in talde 8. Proin tln'se re- 
snlts an error of d: 12 to 15% nsing (50 rats per assay and p at (1.95 is 
quite readily attained. Most of the assays reported here have been 
calculated hy the method of variance and covariance of Bliss and .^^arks 
( ’39) to show that they fulfill the requisites of a satisfactory method of 
biological assay. Tbis method of calculation reepdres tlio dosage levels 
to he adjusted at eqxially spaced intervals and that e<inal numimvs of 
rats he used for each level. These requirements are not readily olxtain- 
able in routine assays due to deaths of a few rats from respiratory in- 
fections during tbe course of an assay and the adjustment of the dosagc’ 
level of low potency^ products. Tlie method of calculating liiological as- 
says of a continnons variate type proposed by Trwiii (’37), in Avbich a 
system of weighting for numbers of I’ats on each dosage level is used, 
was employed for a few assay^'s that did not meet the above require- 
ments and in order to cheek the resnits obtained by llie nietbod of Bliss 
and Marks (’39). 

The assays reported in table 6 sboAv tlie method to be ajiplieable to a 
variety of products. To attain desirable dosagi* levels with some of 
the products it was necessary to continue tbe dosing yioriod for more 
than 2 days. Tliere was no evidence that this alteration in technique 
produced results different from the dosing period of 2 days recom- 
ixiended for fish oils. The slopes of the dosage response carves obtained 
for products in aqueous medium were not significantly^ diffenmt from 
the slopes obtained for the standard in an oily A'ehicle. 

Tbe reduction in tbe error of tbe method obtained hy correcting for 
body weight does not appear to be significant from tlie resnits obtained 
in the assay^s in table 7. In all the assay's conducted tlie rats have been 
assembled on the basis of equal distribution of bo<iy weight in eacli 
group, and variations in weight within the groups on an assay have been 
as much as 50 gm. It appears from the results obtained that the re- 
sponse is independent of body iveight witliin these limits. Although 
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considerable nniformitv in depletion time during the primary depletion 
has been observed to occur within littei-s, no attempt has been made to 
pair off litter mates in the assays due to the impracticability of such a 
procedure. 

The observation by Hickman et al. ( ’44) that vitamin E augments 
the activity of vitamin A has been confirmed. Most of the evidence 
favors the conclusion that the tocopherols act as anti-oxidants during 
the absorption of vitamin A from the gastro-intestinal tract. Hickman 
et al. { ’44) have shown that the maximum effect is produced at approxi- 
mately 0.5 mg. of tocopherol per rat per day. On this basis, a product 
containing \fitamin A as well as vitamin E can be assayed quite satis- 
factorily by administering this amount of tocopherol with the dosage 
levels of vitamin A to both standard and sample. Tocopherol itself was 
shown to possess no vitamin A activity when administered to a group 
of 20 rats in amounts of 340 mg. per rat. It does not appear practicable 
to prevent errors arising from the tocopherol effect by the addition of 
tocopherol to the diet because it is readily oxidized in such a dietary 
medium; also the addition of a natural product containing vitamin E 
does not appear feasible because naost of them contain significant 
amounts of carotene. Since tocopherols in products assayed for vita- 
min A yield an added biological effect, errors can quite conceivably oc- 
cur in the determination of vitamin A activity by the spectrophotometric 
or chemical methods when the results are repoi’ted in terms of biological 
activity. Cionsiderable evidence is available indicating that such methods 
do not give reliable estimations of the biological activity of the product 
due to the different forms in which vitamin A may exist, hence the ne- 
cessity of a precise biological assay method for vitamin A. 

It was disappointing to obtain the relatively low values for the slopes 
of the dosage I'csponse curves with the accoznpanjfing low degree of 
pi-ecision in the quantal response method of assay shovm in table 10. 
This method had the advantage of being short, and convenient. Pre- 
liminary assays using other dosing times were tried without any success 
in improving the izreeision of the method. 

SUMMARY 

A method of biological assay of vitamin A and its precursors based 
on the changes produced in the cellular contents of the vagina of ovari- 
ectomized rats is described. The dosage response relationship was 
analysed by methods of variance and covariance and shown to be 
logai'ithmie. The method shows considerable advantage over the in- 
crease in weight method with i-espect to precision and economy of time, 
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material and effort. The enhancement of the biological activity of vita- 
min A by tocopherols has been confirmed and a method of overcoming 
this effect in the estimation of vitamin A activity is descviiied. 
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BOHDBIN AWAKl) IN NNINJITIoN 


Tile Aiuericfuii liistitiitc of Nntriiiou will \\u\kv this uwnril 
ill recognition of di>stinct,i ve resi^nrch l^y inv(‘stigaiors in IJn* 
United States and Uanada wliicJi lias enijiliasized tla^ nutritive 
signilicaiice of th<‘ conijionents of milk or <:>(' dairy ))i*r>d!icts, 
TJie award will be made piamarily for tlio piiblic'at ion of 
specific papers, but the judges may recoimnend that it be 
given for important cnntidbiitions over an oxbmtl(‘d period of 
time. Idle award riiay be divided lietween two or more investi- 
gators. Employees of the Borden Company are not eligible 
for tills lionor. 

The formal presentation will be made at tlio amnial meeting 
of tlie Institute at Cleveland, May S, 1945. To lie considered 
for the award, nominations must, be in the hands of the Chair- 
man of the Nominating Comraittei^ by January 15, 1045. The 
nominations should be aceompanical by snch data relative to 
the nominee and bis reseai'cli as will fa<n1ilatf^ ef)nshhn*ation 
for t]u‘ award. 

PnKDMorr .T, Stare 
IfiirranJ S/^honl 

riHATRAI AN, NOAr!NATlX<! COAI MITTEF 



MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWARD 


Noininatioiis are solicited for the 1945 Award of $1,000 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. Tlie recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of NuWtion and the foriiial presentation 
will bo made at the aimual meeting of the Institute at Cleveland 
on May S, 1945. 

The Award will be given to the laboratory ( non-el inical) 
or elinical research worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year January 1st to December 31st the 
most meritorious scientific report dealing with the field of the 
‘ B-eomplex ’ vitamins. While the award will be given pi’imarily 
foi‘ publication of specific papers, the jtidges are given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the prize be divided between two or more 
persons. It may also be recommended that the award be made 
to a worker for valuable contiubutions over an extended period 
but not necessarily representative of a given year. Memher- 
ship in the American Institute of Nutrition is not a re(piisite 
of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
i‘or this award for work published in 1944 must be in the hands 
of the Secretary by January 15th, 194.5. The nominations 
sliould be accompanied by such data relative to the nominee 
and his research as will facilitate the task of the Committee 
of Judges in its cfuisideration of the nomination, 

Arthur H. Smith 
Univrmti/ College of yfeelhono 
Deiroif, Miehigav 

Secrktary, Amerd'iah Thfititute of ISrnTRmoK 



A STUDY OF PLASMA ASCORBIC ACID VALUES WITH 
RELATION TO THE TYPE OF DIET USED IN PUERTO 
RICO BY GROUPS OP INDIVIDUAI.S OP WIDELY 
VARIED ECONOMIC STATUS 

HAZEL E. MUNSELL, ANA MARIa CUAHIiOS 
AND EAM6 n M. SEABEZ 
School of Tropical Medicine, San Jnan, Puerto Pico 

(Received for publication May 15, 1944) 

Tlie early woi-k of Ashford ( ’29) in Puerto Rico and of Rhoads and 
his associates (Castle et ah, ’35), as well as of other investigators 
working elsewhere, has indicated that the sprue syndrome probably 
has its origin in a dietary imbalance of some sort. In connection with 
investigations being carried on at the University Hospital with patients 
exhibiting the sprue syndrome, plans were made to include studies on 
nutritional status with regard to the vitamins. In order to Judge the 
significance of these findings it was necessary to make companion 
studies with representative samples of the population not suffering 
from sprue. 

As encountered in Puerto Rico, sprue is found in individuals at all 
economic levels of living. The majority of cases come, naturally, from 
the low-income groups and, more especially, from that group having 
less than enough for satisfactory subsistence since it is the most numer- 
ous. The companion studies on non-sprue subjects were therefore 
planned to include groups of individuals giving sample populations 
under the two categories: (1) satisfactory income and (2) low income 
or no income. 

During the course of the preliminary work, it became apparent that 
information on dietary habits was essential to an appraisal of the 
results to be obtained and a plan was accordingly made to include a 
record of dietary habits as a part of the study. The investigation as a 
whole included determinations of plasma carotene, vitamin A and 
ascorbic acid concentrations and urinary excretion of thiamine, ribo- 
flavin and factor P 2 (Holt and Najjar, ’42). The present report covers 
the values obtained for plasma ascorbic acid concentrations of non- 
sprue subjects and shows how these are correlated with the data on 
dietary habits. 
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METHODS AND PEOOEDUKES 

Determination of plasma ascorbic acid concentration 

Plasma ascorbic acid concentration was determined essentially ac- 
cording to the macro method of Parmer and Abt (’34- ’35, ’36) except 
for modifications in volume relations for extracting (Kastlin et ah, ’40). 

Five to six milliliters of venous blood were drawn with a clean dry 
syringe and transferred immediately to a 15 ml. conical centrifuge 
tube Containing 1 drop of a 20% potassium oxalate solution. After 
centrifugation, 2 ml. of the clear plasma were transferred to a second 
tube; 2 ml. of water and 4 ml. of 5% metaphosphoric acid solution were 
added and the tube was centrifuged. Two milliliter portions of the clear 
centrifugate were then titrated visually against a dilute solution of 
2,6 diehloro-phenol-indophenol, care being taken to reach the end point 
within 5 to 10 seconds. Blank determinations for the metaphosphoric 
acid solution were always run parallel to the plasma determinations. 
The dye solution was standardized each day against a standard solution 
of pure ascorbic acid. 

At the University Hospital and its clinics the blood samples were 
taken with the subjects in the postabsorptive state. Other subjects, 
who had eaten breakfast before the blood sample was taken, were in- 
structed to omit citrus fruits or other foods containing vitamin C. In 
most eases the samples were analyzed immediately. When this could 
not be done they were stored in the refrigerator as the plasma-water- 
metaphosphoric acid mixture according to the suggestion of Kastlin et 
al. (’40) and Golden and Garfinkel (’42). 

Blood samples from many subjects were taken at clinics some distance 
from the School of Tropical Medicine. Golden and Garfinkel ( ’42) re- 
ported that plasma in contact with blood cells might bo kept at room 
temperature for as long as 3 hours with only slight loss of vitamin C. 
Our samples were never kept in excess of this time and the analyses 
were usually started within considerably less than 3 hours from the 
time the blood was drawn. 

Selection of subjects 

Subjects having satisfactory income. The first group under this 
category was made up of members of the staff of the School of Tropical 
Medicine and the University Hospital. As most of those selected re- 
ceive a better than average salary for Puerto Pico, they have been 
treated together as one group rather than divided on an exact income 
basis. 
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The second group was made up of members of the staff and students 
in nutrition of the Department of Home Economies at the University 
of Puerto Eieo in Eio Piedras. These subjects are of interest as re- 
flecting the effect of nutrition teaching. 

A third group, representative of the average citizen having sufficient 
income to buy food for an adequate diet, consisted of private patients 
in the University Hospital who came in for checkups or the treatment 
of minor ailments, and volunteers. 

Subjects having a loiv income or no income. Pour groups are in- 
cluded under this division. Two, groups 4 and 5, comprised individuals 
living in two housing projects of the Puerto Eico Eeliabilitation Ad- 
ministration located relatively near San Juan. At the first project, 
known as St. Just, each householder has sufficient and suitable land for 
growing food crops ; at the second, called Eio Plantation, there is land 
with each house but it is vei'y poor and not suitable for crops of any 
kind except a few stunted coconut trees. The condition of the people 
at this project is most miserable indeed. 

A third group, group 6, included individuals selected at one of the 
public health centers in San Juan. 

There is a well-directed outpatient department at the University 
Hospital and the subjects in group 7 were selected from the patients 
attending the clinics there. Many of these individuals were sprue cases 
that had recovered and had received a certain amount of instruction in 
regard to diet. 


Dietary histories 

With the members of the staff of the School of Tropical Medicine 
and the University Hospital, the staff and students of the Department 
of Home Economics at the University, and volunteers, the following 
plan was used for obtaining the dietai’y history : on the day before the 
blood sample was to be drawn, each individual was given a mimeo- 
graphed form for recording (1) the foods eaten that day, (2) the 
foods eaten at breakfast the day of the examination, and (3) the typos 
of fruits, vegetables, salads and other foods included in the diet regu- 
larly. In all other eases the personal interview method was used. For 
the groups at the two housing projects and the one group in San Juan 
the records were taken by the nurse in charge. Prom the subjects in 
the University Hospital and its clinics a complete history was taken 
covering not only food habits but all aspects of living that might have 
any significance in the interpretation of results. 
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RESULTS 

Plasma ascorbic acid concentration 

A. review of the literature indicated that most investigators consider 
a plasma ascorbic acid concentration in the region of 0.8 mg. per cent 
as compatible with a state of good nutrition but not necessarily of 
saturation. Renal threshold values, indicative of saturation, begin at 
slightly above 1.0 mg. per cent. The range for deficiency is somewhat 
arbitrarily given as beginning at 0.5 to 0.4 mg. per cent, while it is ad- 
mitted by some that a person may have a zero plasma ascorbic acid 
concentration for a long period without clinical signs of scurvy. Clear- 
cut symptoms indicative of a chronic deficiency of the vitamin are still 
to be described, although reference is frequently made to sore and 
bleeding gums in this connection. 

The values obtained for the plasma ascorbic acid concentration of 
the individuals in the seven groups were summarized according to 
ranges selected on the basis of these considerations and are presented 
in table 1. The range 0.50-0.79 mg. per cent was used to avoid a too 
sharp demarcation between the level generally taken as indicative of 
deficiency and that accepted as implying good nutrition. The use of a 
single figure for the transition point might have led to an incorrect 
classification of subjects with values close to this figure. In such cases 
more than one determination would be required to give the exact classi- 
fication, a procedure outside the scope of this investigation. 

In presenting table 1 attention is called especially to the similarity in 
the distribution of values for group 3 in the satisfactory income cate- 
gory and group 7 in the low income category. The first group, repre- 
senting individuals with sufficient money to buy what they needed for 
good nutrition, gave nearly as many values in the low range as the 
second group having insufficient income for adequate food or any other 
essential commodity. 

Dietary habits 

The detailed data on dietary habits were analyzed on the basis of 
types of foods listed as common items in the diet. There were certain 
pronounced differences in the pattern diets for the seven groups that 
are of iirterest 

( 1) Poods other than fruits and salads 

For those in the satisfactory income category rice and beans was a 
common item in the diet except for the individuals of group 2. Vege- 
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tables of the stareby variety such as plantain and yantia were used 
frequently by all. Other types were listed frequently but not by all. 
Individuals in groups 2 and 3 had plenty of meat, milk, eggs, butter 
and cheese. These items were listed less frequently by group 1. 

For the four groups in the unsatisfactory income category condi- 
tions relating to diet were varied. At the St. Just project, group 4, 
five of the children ate at the nursery and received rice and beans, 
starchy vegetables, and crackers often; cheese, butter, tomatoes and 
string beans once in a while. The other children ate at home with their 
families, and ate a diet which included chiefly rice and beans, starchy 
vegetables, codfish, and coffee with milk. Meat was eaten not more 
than once a week. At the Tiio Plantation, group 5, all of the children 
received food at the school lunch room. The menu included evaporated 
milk, bread, rice and beans, codfish or canned beef once a week, eggs 
once a week, a starchy vegetable daily and some other vegetable, fre- 
quently canned, served as salad. The diet of the adults eating at home 
was similar to that for group 4 except that they had less food, the coffee 
was taken black, and meat was almost never eaten. The diet for group 
6, individuals selected by a social service worker in San Juan, was 
similar to that of group 5 while the members of group 7 had a some- 
what better diet, more lUie that of group 4. 

(2) Fruits and salads 

The data for intake of fruits and salads were definitely related to 
the plasma ascorbic acid values and were summarized on that basis. 

For the range 0.00-0.49 mg. per cent : Individuals of the three satis- 
factory income groups as a whole ate very little fruit. The children in 
groups 4 and 5, who ate at the nursery or the school lunch room re- 
ceived fruit or fruit juice once in a while. The other individuals in the 
four unsatisfactory income groups apparently ate almost no fruit. 

For the x’ange 0.50-0.79 mg. per cent: The use of fruit was reported 
occasionally by the members of groups 1 and 2 and frequently by 
group 3. Fruit juices were listed by members of group 3 as used fre- 
quently but were usually canned pear juice or canned peach juice. The 
children in groups 4 and 5 received fruit or fruit juice oeeasionally as 
mentioned above. The adults in group 4 of this range reported the use 
of salads. The one adult in group 5 was the janitress at the Public 
Health unit who included in her diet regularly a vegetable other than 
a starchy one or tomato soup. Individuals of group 7 reported the oc- 
casional use of fruit, chiefly oranges, grapefruits or bananas according 
to the price. 
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For tlie range 0.80—0.99 and above: Practically all individnals hav- 
ing' a plasma ascorbic acid concentration greater than 0.80 mg. per cent 
reported the regular use of citrus fruits while they were in season and 
the frequent use of salads. 


DISCUSSION 

Plasma ascorhia add concentration 

In this investigation plasma ascorbic acid values were detcriniiied 
for 366 subjects. Of these, 161 comprised a group with sufficient in- 
come to enable them to have an adequate diet. Of the remaining 205, 
some had sufficient income for no moi'e than a subsistence diet Avhile 
the majority had little or no income. Of the 161 subjects, 43 or 26.7% 
had plasma ascorbic acid values within the range 0.00-0.49 mg. yier cent 
and of the 203 remaining subjects, 169 or 82.4% came wfithin tliis range. 

All of the subjects studied were following their usual mode of liv- 
ing and there is no reason to believe that additional determinations, 
previous to or subsequent to the one made, would have given values 
differing from it by a significant margin. With the exception of the 
two groups made up of the members of the staff of the School of Tropi- 
cal Medicine and University Hospital and the members of the staff and 
students of the Department of Home Economics at the University, all 
subjects were either patients under a doctor’s care or who had been 
seen by a public health nurse or doctor at a clinic. As far as is known, 
none of them had been diagnosed as having symptoms of scurvy. Cer- 
tainly none of the subjects in the two groups noted above, as excep- 
tions, had any of the symptoms usually associated with scurvy and 
only one individual complained of bleeding gums. 

A check on the question of the presence of subclinical .symptoms of 
scurvy was obtained through the examination, by one of the authors 
(S), of all members of one group for sigms of nutritional deficiency. 
These individuals, group 5, had been judged to be in the pooi'cst condi- 
tion nutritionally of all of those studied. Although many of these sub- 
jects had signs characteristic of undernutrition, none showed .signs of 
perifollicular hemorrhages. There were no eases of echymosis or pur- 
pura and only occasional signs of gingivitis. In other words, there were 
no symptoms of scurvy or of severe vitamin C deficiency unless we 
accept as a symptom pyorrhea and loss of teeth from a poor condition 
of the gums. These were of frequent occurrence. There wore several 
individuals with almost perfect sets of teeth and several with only one 
or two teeth missing from sets that showed practically no decay thus 
presenting contradictory evidence. 
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tables of tbe stareby variety sucb as plantain and yantia were nsed 
frequently by all. Other types were listed frequently but not by all. 
Individuals in groups 2 and 3 had plenty of meat, milk, eggs, butter 
and cheese. These items were listed less frequently bj^ group 1. 

For the four groups in the unsatisfactory income category condi- 
tions relating to diet were varied. At the St. Jxist project, group 4, 
five of the children ate at the nursery and received rice and beans, 
starchy vegetables, and crackers often; cheese, butter, tomatoes and 
string beans once in a while. The other children ate at home with their 
families, and ate a diet which included chiefly rice and beans, starchy 
vegetables, codfish, and coffee with milk. Meat was eaten not niore 
than once a week. At the Rio Plantation, group 5, all of the children 
received food at the school lunch room. The menu included evaporated 
milk, bread, rice and beans, codfish or canned beef once a week, eggs 
once a week, a starchy vegetable daily and some other vegetable, fre- 
quently canned, served as salad. The diet of the adults eating at home 
was similar to that for group 4 except that they had less food, the coffee 
was taken black, and meat was almost never eaten. The diet for group 
6, individuals selected by a social service worker in San Juan, was 
similar to that of group 5 while the members of group 7 had a some- 
what better diet, more like that of group 4. 

(2) Fruits and salads 

The data for intake of fruits and salads were definitely related to 
the plasma ascorbic acid values and were summarized on that basis. 

For the range 0.00-0.49 mg. per cent: Individuals of the three satis- 
factory income groups as a whole ate vei'y little fruit. The children in 
groups 4 and 5, who ate at the nursery or the school lunch room re- 
ceived fruit or fruit juice once in a wlfile. The other individuals in the 
four unsatisfactory income groups apparently ate almost no fruit. 

For the range 0.50-0.79 mg. per cent: The use of fruit was reported 
occasionally by the members of groups 1 and 2 and frequently by 
group 3. Fruit juices were listed by members of group 3 as used fre- 
quently but were usually canned pear juice or canned peach juice. The 
children in groups 4 and 5 received fruit or fruit juice occasionally as 
mentioned above. The adults in group 4 of this range reported the use 
of salads. The one adult in group 5 was the janitress at the Public 
Health unit who included in her diet regularly a vegetable other than 
a starchy one or tomato soup. Individuals of group 7 reported the oc- 
casional use of fruit, chiefly oranges, grapefruits or bananas according 
to the price. 
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For tlie range 0.80-0.99 and above; Practically all individuals liav- 
ing a plasma ascorbic acid concentration greater than 0.80 mg. per cent 
reported the regular use of citrus fruits while they were in season and 
the frequent use of salads. 


DISCUSSION 

Plasma ascorbic acid concentration 

In this investigation plasma ascorbic acid values were determined 
for 366 subjects. Of these, 161 comprised a group with sufficient in- 
come to enable them to have an adequate diet. Of the remaining 205, 
some had sufficient income for no more than a subsistence diet while 
the majority had little or no income. Of the 161 subjects, 43 or 26.7% 
had plasma ascorbic acid values within the range 0.00-0.49 lug. per cent 
and of the 205 remaining subjects, 169 or 82.4%i came within this range. 

All of the subjects studied were following their usual mode of liv- 
ing and there is no reason to believe that additional detoimiinations, 
previous to or subsequent to the one made, would have given values 
differing from it by a significant margin. With the exception of the 
two groups made uj) of the members of the staff of the School of Tropi- 
cal Medicine and University Hospital and the members of the staff and 
students of the Department of Home Economics at the University, all 
subjects were either patients under a doctor’s care or who had been 
seen by a public health nurse or doctor at a clinic. As far as is known, 
none of them had been diagnosed as having symptoms of scurvjL f'er- 
tainly none of the subjects in the two groups noted above, as excep- 
tions, had any of the symptoms usually associated with scurvy and 
only one individual complained of bleeding gums. 

A check on the question of the presence of suliclinical symptoms of 
scurvy was obtained through the examination, by one of tlie authorH 
(S), of all members of one group for signs of nutritional deficiency. 
These individuals, group 5, had been judged to be in the poorest condi- 
tion nutritionally of all of those studied. Although many of these sub- 
jects had signs characteristic of undernutritiou, none showed signs of 
perifollicular hemorrhages. There Avere no cases of eehymosis or pur- 
pura and only occasional signs of gingivitis. Tu other Avords, there were 
no symptoms of scuriw or of .severe vitamin C deficiency unless Ave 
accept as a .symptom pyorrhea and los.s of teeth frmn a poor (‘oudition 
of the gums. These wmro of frequent occurrence. ThercA A\u>re several 
individuals with almost perfect sets of teeth and several wilh only one 
or tAA’o teeth missing from sets that shoAved practically no decay thus 
presenting contradictory evidence. 
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In the presentation of the results obtained for plasma ascorbic acid 
concentration a brief discussion is given of the more or less generally 
accepted concept of the state of vitamin C nutrition in relation to this 
factor. In their excellent paper on chemical methods for determining- 
vitamin C deficiency Kastlin et al. ( ’40) go so far as to describe a 
plasma ascorbic concentration of 0.70-0.4 mg. per cent as indicating a 
mild deficiency of vitamin C and anything less than 0.40 mg. as associ- 
ated with a state of severe deficiency. 

In view of the evidence obtained with subjects in Puerto Eico there 
seems to he Justification for asking what is meant by a mild deficiency 
of vitamin C? A severe deficiency of vitamin C‘? The further question 
is also raised : Are present methods for determining vitamin 0 require- 

TABLE 2 


The effect of administration of ascorhic acid on the plasma ascorhic arid cm} cm t rat ion. Thr 
administrations began after the initial valve of 0.10 mg. % had hern obtained on March 2nd, 


BATE 

PLASMA ASOOKRIC ACtB 
CONOBNTRATIOX 

ASCORBfC ACID SUPPLEMENT GIVEN BAILV 

From — To 

Amount 


■mg, 

dcbtes 

mg./ dag 

Mareli 2 

0.10 

Marcli 2-10 

50 

Marcli 11 

0.31 

March 11-24 

50 

Marcli 25 

0.56 

March 25-April 21 




(except 9 days') 

50 

April 22 

0.44 

April 22-MaY 5 

50 

May 6 

0.53 

May 6-20 

50 



May 23-26 

50 

May 27 

0.43 

May 28-Juiie 9 

100 

June 10 

0,98 

June 10-23 

too 

June 24. 

1.37 

June 24- July 21 

00 

July 22 

0.27 




ment either sound or adequate? It would seem that answers to these 
questions c^an be had only through more complete and extensive studies, 
than have yet been made, of subjects having plasma ascorbic acid 
values in what is now commonly described as the deficiency or near- 
deficieney range. 

Further support for the Justification of these questions was given by 
additional data collected duiing the course of the present study from 
one of the subjects, a clerk at the School of Tropical Medicine. On the 
first examination this man showed a plasma ascorbic acid concentra- 
tion of 0.10 mg. per cent. Following the examination he was given a 
daily supplement of ascorbic acid over an extended period and plasma 
ascorbic acid determinations were made periodically with the results 
showm in table 2 . 
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IVliile receiving the supplements Lis plasma ascorbic acid coiieetitra- 
tion gradually increased to 1.37 mg. per cent but during the numtb fol- 
lowing discontinuance of tbe supplement the concentration fell to 0.37 
mg. per cent. This man, although small and umLn'weight, is vigor- 
ous and healthy. His teeth are in good condition and there* has 1n‘on 
only one extraction and a few minor fillings. The mainstay of his diet 
is rice and beans and he oats little if any fruit. 

Animals for experimental work are maiidained in an ad<‘qnafely 
equipped animal house clo.se by the School of Tropical Medicine. Hn- 
der the conditions at hand blood sam}ile,‘^ for vitamin O analysis 
could he readily obtained from several species of animals and it .se('med 
of interest to obtain these data in the lielief that they might have a pos- 
sible hearing on the question of plasma ascorhic aeid eoneeutralinn as 
an index of vitamin C deficiency. The values are given in table 3 . 


TABLE 3 

Tlamna aseorJne acul i'ahws for fliffrrrnt mammalian 


.\KIMATi 

i 

['l.Asi:NrA ASCORBK .'VfJIs 
(■OTSrOkNTK.ATTaX 



m;f. 'vf 

Dog 


U.25 

Goat 


O.-IG 

Guinea pig 


0.56 

Horse 


(1.46 

MonkoT 


0.41 

Rnlibit 


0.41 



Without exception all values fall within the (h'fieieuey or m’ar de- 
ficiency" range described for man. All of the animal.^ troin which blood 
samjiles were taken wei’e receiving’ what was believed to he an adefpiate 
diet and were healthy in all obvious resijeets. Tmless we wish to assume 
that the plasma aseoi'hic acid concentration indicative of good inilrition 
is higher for man than for other species of animals these results seem 
also to justify raising the question of what, if any, level of plasma, 
ascorhic concentration may be taken as indicative of vitamin C defi- 
ciency. 


J)letary hahifs 

In Puerto Rico the dietary pattern is fairly uniform for the entire 
population ; any modification is a result of insufficient income. For the 
well-to-do a breakfast consist.? of jiiico, cereal, eggs, bread nr crackers, 
and coffee with milk. The main meal of the day includes soup, salad, 
meat, vegetables, rice and beans, and possibly a “dulce" or other des- 
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sert. Biee and beaus are served by the well-to-do, even though they may 
not be eaten, and are simply returned to the kitchen to be consumed 
by the servants. 

Among the people, as a whole, there is a preference for canned 
fi-uit juices such as apple, pear, peach, and prune juices, and apricot 
nectar, none of which are produced in Puerto Eico. Pears and apples 
are also considered among the choice fruits. This seems a little para- 
doxical in view of the fact that oranges, grapefruits, and pineapples 
are among the important crops of the Island. Many other fruits, rich in 
vitamin C, grow in Puerto Eico and might be grovm in abundance. 
Salad vegetables, such as lettuce, tomatoes, peppers, cucumbers, and 
watercress are also major crops. In spite of this, canned asparagus, 
canned beets, canned peas, and canned green string beans are all too 
often used as the prime ingredients in salads. 

When money for food is not adequate, fruit and salads are among 
the first items omitted from the diet. Breakfast is reduced to bread 
or crackers and coffee with milk. In the main meal, soup may still 
persist and may include most of the vegetables in the menu, except 
the starchy ones. Served in this manner, the vegetables have lost what- 
ever vitamin C they may have had. The starchy vegetables are usually 
peeled and boiled, which means that they have lost much of their 
nutritive values. Eice and beans become a dish of major importance ; 
meat is often replaced with salt codfish. 

In the last extremity, the breakfast is reduced to crackers and coffee, 
which is usually blacld There is only one other meal in the day, that 
eaten late in the afternoon. The items from which this is selected are 
rice and beans or rice alone, a boiled starchy vegetable or plaintain, 
and salt codfish. 

Prom this brief survey it should be readily apparent that vitamin C 
is among the first of the nutrients to be reduced in amount in the diet 
of the Puerto Eican when money for food becomes inadequate. 


SUMMARY 


Plasma ascorbic acid determinations have been made for a total of 
36G subjects, all citizens or long-time residents of Puerto Eico. These 
subjects were selected on the basis of seven groups of not less than fifty 
individuals each according to the income categornes: (1) satisfactory 
income and (2) low income or no income. Information on food eaten 
the day preceding the examination and on dietary habits, in general, was 
also obtained. 
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Tlie data from eacli of tlie seven groups were snmmai'ized on tlie 
basis of ranges lor plasma ascorbic acid values usually accepted as 
indicating (1) severe deficiency^ of vitamin 0, (2) near rieliciency, (3) 
satisfactory nutrition, and (4) good nutrition. 

Of the 366 subjects examined, 212 or 57.9^.e, Jiad plasma ascorbic acid 
concentration values in the severe defieioney range, Gila* liigli percent- 
age of values in this range from one of the satisfactory iuconie groups 
is empliasized as indicating that low income is not tlie only' cause oi‘ 
vitamin C under nutrition. 

The information on dietaiy liabits I'eveals a close correlation lie- 
tween plasma ascorbic acid concentration and the presence of fruits 
and other vitamin C-rich foods in the diet. 

Gdic relation of level of ]dasmn ascorbic acid conconti-afion to <l<,.[i- 
ciency' of vitamin (.' and tin' rerpiirement of tliis viirunin is discnssi'd. 
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DIETARY ANEMIA IN THE PIGEON 
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(Beeeivefl for publication June 16, 3fM4) 


Dietary anemia in the pigeon lias been stnclied previously Ity several 
investigators. Barlow (’27, ’30) observed an anemia in pigeons led 
polished rice; he attributed this to tlie result of inanition, which conipli- 
eatecl the vitamin Bi deficiency. Dameshek and Myorson ( ’40) used a 
ration of polished rice supplemented with 50 gg. of tliiamine ])er bird 
daily. The anemia that developed in these pigeons j'osponded to the 
administration of yeast concentrate or relatively crude liver extract, 
but a highly purified liver extract gave only partial cures. E-xtensive 
studies of pigeon anemia have been made by Hogan, Ehdiavdson, John- 
son and Nisbet (’40), and Lee and Hogan 0d2), using a purified ])asal 
ration deficient in the ^-itamin B-eomplex but snpplemenicd with crys- 
talline thiamine. These investigators reported that foi- complete re- 
covery of both hemoglobin level.? and body weight three different crude 
fractions are required: a fuller’s earth adsorbate of rict? Irran extract, 
a fuller’.? eartli adsorbate from crude liver extract, aud the liver filtrate 
fraction. 

The present study was undertaken with the object of obtaining fur- 
ther information on the nature of the unknown factors required for 
hemoglobin formation in the pigeon. 

ME'rHon.s 

I’igeons bred for racing were u.?ed altliongh some birds of mixed 
breed wei-e included. They were housed in Inclividual wire cages fitted 
with one-half inch mesh screen. 

In a preliminai-y experiment, a grouj) of 10 pigeons was fed polished 
vice, supplemented with salt mixture (IT. &. P. no. 1) 0.1 gm. per daj , 
Laheo casein 1 gm. ]ier day, cod liver oil 0.1 ml. per day, and cottonset'd 
oil 0.3 ml. per day. The siqqdetnents were administered^ in gelatin 
ca])su]e.s. In all .subsequent experiments a purified diet similar t<i that 

addresH: Sanitary CovpH, lb 8. Arniy. 

:;br> 
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of llogiiu and co-workers was used. Tlie diet fed had the following 
percentage composition: casein (Labeo) 20, sucrose 73, salt mixture 
(U.S.P. no. 1) 4, and cottonseed oil 3. U.S.P. cod liver oil was given 
once weekly by capsule, 0.8 ml. per bird. The basal diet and water 
were kept before the pigeons at all times; no grit or other material 
M'^as given. 

Blood samples were taken at weekly inteiwals from one of the small 
peripheral wing veins. Acid bematin solutions were prepared for 
estimation of hemoglobin by the method of Scbultze and Elvehjem 
(’34). The colorimetric readings were made in a Klett-Surnmerson 
photo-electric colorimeter (filter no. 42) which had been standardized 
with a series of blood samples of w^hicb the hemoglobin contents were 
obtained by the oxygen capacity method of Lundsgaard and Mdller 
(’22). In the earlier studies weekly eiytlirocyte counts were also made 
with Hayem’s fluid as diluent. 


RESULTS 

Normal levels of hemoglobin and eri/throcijfes 
in pigeon blood 

In the majority of the pigeons the original hemoglobin values ranged 
from 14 to 18 gm. per 100 ml. The erythrocyte levels for 30 pigeons 
were from 2.98 to 4.16 million per cu. mm., Avith an average value of 3.65 
million. 


Prelimmarfi experiwenis with a polished rice ration 

A group of 10 ]ugeons, 1 to 9 years in age, were fed polished rice 
supplemented Avith casein, salt mixture, cottonseed oil, and cod liver 
oil as described above. In accordance AAuth the teehniqAie of Hogan et al. 
( ’40), none of the Autamins of the B-complex AAmre given for the first 30 
days of the experimental period; during this time the Aveigbts of the 
pigeons decreased 26 to 36%. At this point 5 birds AAmre fed 50 (jg. of 
thiamine per day, AAdiereas 5 received a daily supplement of 50 pg. thi- 
amine, 60 pg. riboflavin, and 30 pg. pyridoxine. In 8 of the 10 birds the 
hemoglobin and erythrocyte levels decreased during the first 40 days. 
The average fall in hemoglobin Avas 81%, and in erythrocytes 85% . 
HoAvever, very surprisingly, within 1 or 2 Aveeks after the administra- 
tion of thiamine Avas begnm, either alone or in combination AAdtb ribo- 
flaAdn and pyridoxine, hemoglobin and red cells began to rise rapidly 
toward normal leAmls. Most of the Aveight lost Avas also regained, al- 
though at a somoAvhat slf)Aver rate. In none of the pigeons aaras there 
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any furtlier fall in iiemoglobin. Although the experimental period was 
extended to 167 days, the blood lev'-els remained uorinal and the liody 
weights were maintained well throughout the period of study. 

Since anemia was not maintained mider these coinlitions, probably 
beearise of the polished rice in the ration, tlie diet was modified ar- 
eordingiy. 


Production of anemia with a purified diet, 

Experiment no. 1. The use of the purified diet described above, 
proved to be successful in inducing anemia. Twenty pigeons wore fed 
this ration; 5 were given 50 gg. of thiamine each per day. The remain- 
ing pigeons were given 50 pg. liiiimiine, 60 pg. ribofinviu, and dO pg. 
pyridoxine per bird per day. The majority of the surviving birds de- 
veloped a signilicaut anemia, {arbitrarily <diosen as 11 gm. or loss, 
Iiemoglobin per 100 ml. of blood) within 126 to 140 days. The hemo- 
globin values at the low yioini of llie anemia, befi)rc Irealnient, were 
from 6.5 to 10 gm. per 100 ml., with an average value of 7.0 gui. per 
100 mi. 

Experiment no. 2. iu an eifort to fiidaiu move rapid doveloimumt of 
anemia in a group of 10 pigeons (liirds nos. 01 to 40), I'ue purilied diet 
described above was supplemented wilii 50 pg. of thiamhm d-aily aftei’ 
a deplc-iion jjeriod of Iw-eeks. Tbis ioetinique ytroved very satisfactory. 
Of the 16 birds whicti survived for au extended period 14 developed 
anemia (10 gm. hemogiobin or h^ss ])er 100 mi.) ivitiiiu (if* to !2.'! days 
(with an average of 00 days) ; Ibus 7V/o of liie pigeons placed on llm 
experimental regime became anemic. 

5\T}en a level of 8 to 10 gm. of bemogiolhn jier 100 ml. was n'aelicd., 
the bird was treated witli various pre]»araiions to determine tin* 147001 
on liie Iiemoglobin concentration. In soine eases riliofuivin and ftyri- 
doxinc were adniiiustored in addition to lliiamino for a period of 2 to 4 
xveeks iiefore the, administration of test iirepai-ations. This addition 
of rlbotiaviii and pyridoxine did not cause au increase iu tlic coucciitra- 
tion of hemoglobin. 

The development of the anemia and effect of li-eatmeiit is shown for 
a I'opresentative group of pigeons in iignro 1. A dose of rice bran 
concentrate^ of 1.0 ml. yier day was found to cause a rapid increase of 
hemoglobin (pigeon 40), while doses as low-^ as 0.25 ml. gave responses 
in some birds (pigeon 36). A rice bran eiuate, ]ire]w.re(l liy llie metlmd 

"Vital) Rif.o Bran roiu‘ 0 iiirtit*s ol»taiuH] from the Xatiomil Oi] r'ro.-lm'ts ('ompmty, Har- 
rison. N , .1 . 
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of Lepkovsky, Jiikea and Krause (’36), was tested on a number of 
birds. One ml. of the eluate represented 2 ml. of original rice bran 
concentrate. This material was effective in inducing hemoglobin pro- 
duction, as indicated by pigeons 43 and 47, figure 1. However, the 
amounts required were considerably larger than for the original ex- 
tract. It was found that the elevation in hemoglobin levels produced 



Fig. 1 Heiiioglobiji values for 5 pigeons in experiment no. 2. All birds received 50 of 
tMamine per day. Four of the birds received daily supplements of riboflavin and pyridoxine 
from the time indicated by the symbols B. (riboflavin) and (pyridoxine) , the numbers be- 
low indicating the daily dose. The therapeutic materials administered were rice bran con- 
centrate (B. Br. C.), idee bran eluato (R. Br. El.)^ choline, filtrate factor (F. F.) and yeast 
extract no. 1. The upright arrows (f) indicate the points at which the administration of the 
various supplements was begun, while the immediately following inverted arrows (J,) indicate 
the withdrawal of the supplement. The figures below the symbols indicate the daily dose. 


by 2 weeks of treatment was proportional to the dose over a consider- 
able range. The average increases in hemoglobin in 2 weeks produced 
by daily doses of 0.375, 0.75, 1.5 and 3.0 ml. of the rice bran eluate were 
0.0, 1,9, 2.4 and 4.3 gm. of hemoglobin per 100 ml. of blood, respectively. 
Two pigeons were used for the 1.5 ml. dose, 3 to 5 for the other levels. 
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Preliminary experiments witli a yeast extract were also iiiaile on 
tliese pigeons. Dried yeast“ was extracted with 25^1. alcohol and the 
extract was concentrated in vacuo. The final voluniG was adjusted so 
that 1 ml. represented 1 gm. of yeast (Yeast Extract no. 1). The com- 
parative effects of small and large doses of this preparation are .shown 
in the curve for pigeon 49, figmre 1. It is seen that 4.0 ml. given daily 
for 1 week produced a very large hemoglobin response, a!i incroa.sc of 
12 gm. of hemoglobin per 100 ml. of blood being attained in (> wook.s. 
At a later date a daily dose of 0.5 ml. of the same extract was givcii to 
this pigeon for 2 weeks and this elicited a slightly lower hemoglobin 
increase (3.7 gm.). Further experiments with other pigeons confirmed 
the activity of this yeast extract in stimulating hematopoiesis (see 
experiment 3). 

To determine the activity of other vitamin B-complex factm-s a 
number of the birds, after 100 to 160 days on the experimental ration, 
were given a daily supplement containing thiamine 50 |jg., ribollavin 
100 Mg., pyridoxine 50 gg-, pa,ntothenic acid 200 pg., and nicotinic acid 
(niacin) 1000 pg- per pigeon. In most birds this dietaiy su]iplement 
produced little or no effect on hemoglobin concentrations and demon- 
strated that the anemia was not primarily due to a lack of any of these 
five .synthetic factors. 

Experiment no. 3. In order to keep the birds in good general condi- 
tion and to produce a more specific deficiency of the anti-anemia .sub- 
, stance, the following plan was used : A group of 36 pigeons was fed tin* 
basal vitamin B-complex-free purified diet given above, with no ad- 
dition of any of the B factors for the first 3 weeks. At tlii.s point, 
supplementation was hogim with 50 pg. of thiamine i.>er pigeon p<;r day. 
After an additional 4 weeks, riboflavin, pyridoxine, calcium panto- 
thenate, and nicotinic acid, in the amounts given in the preceding 
paragraph, were fed in addition to the thiamine. This supplement was 
then continued unchanged for the remainder of the experiment. 

The 36 pigeons placed on the experiment had an initial hemoglobin 
level of 15 gm. per 100 ml. of blood, or higher. There was a rapid fall 
from this level during the first 7 weeks while the birds received none 
of the B factors other than thiamine. After 7 weeks, the hemoglobin had 
fallen to levels of 12.0 gm. per 100 ml. or lower with a range of S.o to 
12.0 gm. in 23 of 34 surviving birds. 

In most of the pigeons there was a cure of anemia Jasliug for .sex'cral 
weeks after the administration of the complex supplement <‘ontaiiiing 

‘'Pure dehydrated yeant, ;N''ort;hweKfcni Yeast Oouipauv, Cliipa/;o, lil. 
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tile five synthetic vitamin B factors. Frequently the hemoglobin rose 
to values as hig'h as or higher than the original levels. After this, the 
concentration of hemoglobin again declined (figs. 2 and 3). The length 
of the experimental period required to develop this degree of anemia 
wa.s 69 to 174 days, most of the birds falling in the range of 83 to 160 
days. In this grou]) 4 pigeons were completely refractory to the de- 
velopment of anemia wliile 7 did not survive. 

Efffd of tliciripij tvitli various suhsiaiices 

The anemic pigeons wei-e given supplements Avhen the hemoglobin 
levels had dropped to 11.0 gm. per 100 ml. or loAver. The supplements 
Avere usually gh’en for a period of 1 or 2 Aveeks and Avere AvithdraAvn 
as soon as the hemoglobin levels returned to normal. The hemoglobin 
A’alues thereafter usually decreased again to anemic leA^els Avithin 1 to 5 
Aveeks after AAothdrawal of the supplement, so that the birds could again 
be used as test subjects. The supplements Avere administered three 
times AA'eekly in tAAnce the “daily” dose. 

The Aveekly changes in hemoglobin and body Aveight levels in response 
to therapy are shoAvn graphically for representative pigeons in figures 
2, 3 and 4. The effect of rice bran concentrate, sample 2, is giA^en in 
figure 2, pigeons 61 and 70. It is seen that a 2.0 ml. dose of this material, 
giv'en for a period of 1 or 2 AAUAeks, Avas effective in promoting hemo- 
globin production in those birds. 

The anti-anemic elfect of a crude liver extract* is sboAvn in figures 2, 
3 and 4. It is seen that a daily dose of 100 to 200 mg. of this material is 
a .satisfactory hemopoietic stimulant for most of the pigeons. In the 
case of pigeon 74, figure 2, a 400 mg. daily dose of the liver poAvder pro- 
moted a satisfactory gain in hemoglobin concentration after a 100 mg. 
dose had proved ineffective. 

Yeast Extract no. 1, described aboAm, proved as successful Avith this 
group of pigeons (fig. 3) as in experiment 2. In the case of pigeon 52 
it Avill be observed that a daily dose of 1.0 ml. of this preparation, given 
for a 1-Aveek period, induced a gain of 4.5 gm. of hemoglobin per 100 
ml. in 2 Aveeks Avhile a daily dose of 0.5 ml. given to pigeon 56 for 2 
Aveeks promoted an increase in the hemoglobin level of 6.0 gm. during 
a 3-Aveek period. 

Inositol, in a dose of 25 mg. per day, A\ms administered to 4 anemic 
pigeons. It Avas completely ineffective in all cases (figs. 2, 3; pigeons 
74 and 66). LikeA\ise, p-nminobenzoic acid, 15 mg. per day, proved 

* Wilson’s Liver Conecnimte Pmvdor 1, from the Wilson Lahorntorios., TB. 
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completely ineffective in 5 anemic birds (fig. 4, pigeons 24 and (17). 
Clioline gave a variable response (fig. 2, pigeon (11; fig. 1, pigeon 40). 

Tbe response to a liver filtrate preparation is shown in table 1 and 
figure 3 (pigeon 52). This supplement was made from liver e.xtract 
powder by solution in water and treatment four times wdtli fullei-’s 
earth at pH 4.0 in the proportion of 0.5 gm. of earth per gm. of liver 



.Fig. 2 Hemoglobin and body weight levels for S iiigeoiis in experiment no. 'd. The vitaiiiiu 
B-coinplex supplement administered after tlui seventh week consisted of tliinmine, riboilavin, 
pyridoxine, niacin (nieotinic acid) and ealeium pantothenate in the ninounts of oO, 100, 
oO, 200, and 1000 respectively, })ei* pigeon per day. The al)breviat(:<l symbols indicate 
rico bran concentrate (’B. Br. F.) and liver (Hitract (L. Exlr.). The daily d(is<>s appear undei’" 
noatli. The arrows pointed upwards Indicutc ila* start of 1he administration uf a supplement. 
Tlu^ inverted arrows indicate its discontinuance. 

powder for each treatment. While the preparation is definitely less 
active than, the original liver extract, it is soon that mneh of the activity 
remains even after repeated treatments with fuller’s earth, siuce a 
400 mg. dose of tlie filtrate produced a satisfactory hemoglohiii in- 
crease in 2 to 3 weeks in 0 of the 7 ])igeons on which it w’as tested. This 
indicates that the hemopoietic factor for pigeou anemia, as it occurs in 
liver extract, is poorly adsorbed by fuller’s eai'lli at jdl 4.0. 
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Fig. ‘d Hemoglobin and body weight levels in experiment no. 3. Tlio \itaniiii B-compiex 
supplement was the same as in liguro 2. The 1.0 ml. dose of liver filtrate eontained 400 mg. 
of solids. 
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TABLE 1 


Eemo^glnhin regeneration with liver filtrate preporation: 

All pigeons were given a dailg dose of 1.0 mllf'coniainlng 400 mg. of solid h. 


PKJEOX 

■KO. 

rHJRATTON 

OF 

TEBATMJSKT 

irEMOOl.OBJK 
DEV Eli AT 
START OF 
TREATMENT 

52 

Weeks 

2 

Ifiil./lOO ynl. 

11*8 

00 

3 

7.9 

00 

3 

10.0 

73 

3 

10.3 

70 

2 

12.0 

00 

o 

u 

11,3 

103 

2 

10.4 


.FIEM UGhOElN IdvVELS 
AFTER J TO WEEKS 
I’JIBATMKKT 

One 

Two 

Three 

week 

weukf! 

weeks 


i/ht./lDO ihL 


12,3 

16.3 

16.5 

11.8 

7.3 

7.5 

7.1 

7,0 

15.0 

1-1.4 

11.0 

14.8 

12.7 

15.4 

13.5 

3 0.8 

J2.0 

12.7 

14.3 

14.0 

12.6 


lKCiKr,ASK IK 

LF/VKLgf 

in 


< Lie 
wei‘l: 

Two 

weeks 

T’Ureo 

weok.i 

0*5 

{/m./ J 0(1 ful. 

4.5 

4.7 

3.9 

-0.7 

^\)A 

—3.9 

-3.1 

5.0 

1.1 

1.0 

4.5 

0.7 

3.4 

1,5 

—0.5 

I.;; 

1.4 

3.8 

3.6 

3.3 


Body tpeighi changas 

In general, there was little correlation between body weight levels 
and the state of anemia. Following the pei-iod of increased hemoglobin 
production induced by changing the basal vitamin supplement from 
tliiamine alone to the five synthetic factors, in most birds the hemo- 
globin levels began to fall fairly rapidly, starting usually some time 
from the eightieth to the hundredth day. During this period of declin- 
ing hemogiobin. levels the body weight either increased (birds 52 and 
56, fig. 3), or remained approximately constant, as in pigeons 61 and 
70 (fig. 2) or pigeons 59 and 68 (fig. 4). 

The treatment of anomic pigeons with daily doses of 100 to 200 nig. 
of liver concentrate powder, although effective in raising hemogloliiu 
levels, in most cases had little or no elfeet on the body weiglit. This is 
shown well in the carves for pigeons 24, 59, 68 and 77 (Jig. 4). In con- 
trast to this, a 2.0 ml. daily dose of rice bran concentrate in every ease 
produced a 20 to 50 gm. increase in weight during a 2-week period, 
even though this amount of material .supported increa.sed hemoglobin 
levels in only part of the birds. This is .shown in figure 2, pigeons 61 and 
70 and in figure 4, birds 59 and 77. These result.s, along with similar 
findings oii other birds, suggest that there are at least two deficiencies 
in the basal ration supplemented with thiamine, riboflavin, pyriclox- 
ine, nicotinic acid, and pantothenic acid; that is, an anti-aneinie factor 
and a weight-promoting factor. 

Symptoms of nmromitscnlar dysfimcAicm 

In a number of birds after a period of 150 days or longer on the 
deficient ration a state of incoordination developed. The affected 
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birds were ataxic, i.e., tottered when trying to walk and were unable 
to fly. Muscular tone was normal, since this condition appeared in 
birds that were plump as well as those that were emaciated. Occasion- 
ally one of the affected birds was observed to have a convulsive attack 
lasting for about a minute. Following the convulsive episode, the mus- 
cles were relaxed. Large doses of thiamine Avere inetfective in prevent- 
ing the convulsive seizures. Most of these birds were treated with 
large doses of yeast extract, rice bran concentrate, or liver extract as 
soon as the symptoms were observed. Despite this therapy the af- 
fected birds invariably died, usually within 2 to 4 days. 

DISCUSSION 

The prompt response of anemic pigeons fed a vitamin B-complex 
deficient purified diet to vitamin complex extract from yeast, liver, 
and idee bran demonstrates the existence of a nutritional anti-anemic 
factor for the pigeon. Several considerations support this view. One 
of these is the very rapid increase in hemoglobin levels as the result 
of yeast or livei- extract therapy. An increase of 3 to 5 gm. of hemo- 
globin per 100 ml. in 1 week is usually obtained with an optimum dose 
of an active extract. The fall in the hemoglobin level after the with- 
drawal of the active supplement is frequently almost as rapid as the 
previous increase. In addition, it may be noted that the factor respon- 
sible for the increase in heiuoglobin level has very little relation to 
maintenance of body weight in that frequently pigeons continue to gain 
in weight while the red blood cell and hemoglobin values are falling. 
Likewise, doses of liver extract sufficiently large to produce satisfac- 
tory hemopoietic stimulation as a rule induce little or no increase in 
body weight. The data suggest that pigeons require, in addition to 
the unknown anti-anemia factor, a weight restoration factor. 

It has not been possible to identify the anti-anemic agent with any 
of the known members of the vitamin B-complex. In addition to the 
vitamins in the basal diet, p-aminobenzoie acid and inositol have been 
ruled out by therapeutic trial. No experiments were carried out with 
crystalline biotin or “folic acid.” 

One must consider the possible similarity of this anemia of pigeons 
with that described in chickens by Hogan and Pari-ott ( ’40) though 
there may be some differences in behavior of the active principle. Li 
the present study yeast extracts have been very effective in promoting 
blood formation, whereas 4% of acid-hydrolyzed yeast was used in the 
anemia-producing diet for the chickens. A further point of difference 
is that the chick anti-anemic substance is adsorbable on fuller’s cartli 
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at pH 1, while it has been found that the pigeon factor in liver extract 
is very poorly adsorbed on fuller’s earth at pH 4.0. It is possible, of 
course, that this dissimilarity in adsorption may to some extent be 
due to the difference in pH. Pfiffner and coworkers ( ’43) have recently 
reported that the chick anti-aneniic factor is identical witli Williams’ 
“folic acid.” 

The possible relation between this anemia of pigeons and that of 
certain dietary anemias in mammals may also be considered. Anemia 
which is normocytic, or in a few cases macrocytic, has been produced in 
several species fed diets lacking the filtrate portion of the vitamin 
B-complex. Thus Fonts, Helmer and Lepkovsky (’40) found that G 
of 7 dogs lacking fdtrate fraction developed a moderate anemia tend- 
ing toward the macrocytic type. Chick et ah (’38) have reported a 
normocjdic anemia in bogs deprived of filtrate factor. Likewise, Wills, 
Olntterbnek and Evans ( ’37) produced a macrocytic anemia in mon- 
keys fed a deficient diet composed of natural foodstuffs and they 
found that the curative factor in yeast remained in the filtrate upon 
treatment with fuller ’s earth. 

Thus, the similarity in adsorbalnlity and the common distribution 
in yeast and liver extracts suggest that the anti-anemic agent in the 
filtrate fraction of the B-eomplex active in pigeon anemia may be the 
same as that reported active in chick and mammalian anemias. 


STTMMAEV 

A severe anemia develops in pigeons maintainod on a imrified ration 
containing thiamine, i-iboflavin, pyridoxiiie, nicotinic acid, and calcium 
pantothenate, but lacking other members of tbe vitamin B-complex. 
The hemoglobin le^'els may he restored to normal by administering 
extracts of yeast, of liver, and of rice bran. The anti-anemic agent in 
a solution of liver extract remains in the filtrate upon treatment with 
fuller ’s earth at pH 4.0. 

Evidence is also presented to demonstrate that a second or weight- 
restoration factor is required by the pigeon. 
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COMPLEX CAPBOHYDBATEkS OP 80ME CHIXE8E FOOPH 

LAN CH KN KUNG 

Hcficai'cli Laboratory, Childrfjn\^ of JUrli'iyan, Didrotiy Miohiffan 
(KeeeiYcd for puhlientioii Juno ' 22 , 1SM4 ; 

The relationship of ‘‘crude liber'’ to tlje di,i'’estihility ol‘ foods and 
intestinal elimination has long been recognized. A i’eport by Ci'anipton 
and Maynard (’38) shows that for animal feeds the iiartilion of lignin, 
cellulose and other carbohydrates may ha\'e greater biological signifi- 
cance than their total fiber content. Work from this laboratory (Hum- 
mel, Shepherd, and AEaey, ’40), with children, also shows that changes 
in the proportions of lignin, cellulose and hemicellulose may influence 
the absorption and retention of nutriments in human lieings. 

Crude fiber is an important problem in the Chinese diet, which is 
composed chiefly of foods of vegetable origin and therefore has a high 
content of indigestible carbohydrates. The published analyses of 
Chinese foods (Read, Young and Kuang, ’37), have showii I’esults ob- 
tained with the Weende method which Williams and Olmsted (’35) and 
Crampton and Maynard (’38) have demonstrated to be inaccurate. 
Moreover, this method does not provide for partitioning the crude fiber 
into its different constituents. Ff»r these reasons it has .seemed worth- 
while to reinvestigate the fiber content of Chinese foods.^ 


EXPERIMENTAXj 

Seventeen commoirly used Chinese foods which <‘ould be obtained 
from American markets were analyzed. Three samples of rape and 
two of mustard were studied to determine the variation in different 
samples. Some samples were purchased in Detroit early in April, others 
in New York City early in June. Some of the foods obtained in April 
cannot be duplicated later in the season. The millet “ and the rice came 
from China. 

" .Kosearelt follow, Cliil»lrou’>s Pinul of ^[Ic-liigriD. 

^A.ftor Ihr* t'-owii'lc-v- cnrbolrrdrnto aJialvrfOfi ^'Ivoii in this Dr. w;ls ro- 

callnd to Oluiia bcd’oro sbo lind iiful an u)»portuiuty io fitiisli lun- nunmwript. To oNtciid tho vnliie 
of t;ho papt'r and add furtlH-*r hifoniiatiou on (.'hinoso food^, Harold H. Williaiiis, IMj.IX, and 1), 
;^^axwc•U Teague, M.S., determined the ]>v<txinmte eomposifiem of (ho samples iiYsiilahde, 

-The millet saiii])le was siip[»lied by Dr. 11. V. Kao iff Doliimbia Ibnverriily. uho alsit su]x- 
■jdied, out of season, the sanijde of eelm*y ealfbage drii*d umler similar eitnditions. 
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The samples were washed, wiped with clean towels and cnt into 
small pieces which were then mixed. Portions for the cooked and raAv 
samples were weighed* immediately, the sample for cooking- being- 
weighed directly into the dish in which it was cooked and dried. The 
Chinese custom of using fat in cooking was omitted to avoid extraction 
before analysis. The foods were cooked with a small amount of distilled 
water until they approximated the “doneness” at which they are ordi- 
narily eaten. The green leaves require 5 to 10 minutes, turnip and 
white gourd about i hour. Soybeans were ground, as they are when 
used in soybean cereal flour mixtures in North China, sufficient 1 % 
bicarbonate solution was added to make a paste, and the mixture then 
steamed over water. The practice of removing the tough outside layers 
of the stems of rape and kan Ian ts’ai was followed. Cooking water 
was not discarded and all samples were dried under vacuum at 40° C., 
after which they were pulverized in a mortar. Since the other vege- 
tables contain little fat, they were analyzed without extraction with 
ether, which was necessary with soybeans. In the analyses, the method 
of William and Olmsted ( ’35) was closely followed. 

EBSITLTS AND PISCITSSION 

Except for the dried seeds all of the foods studied had high moisture 
contents, ranging from 82 to 96%, with the majority above 90 (table 1). 
For this reason the total fiber of these foods represented only 0.4 to 
1.8% of the wet weight, for both raw and cooked samples, although on 
the dry weight basis the values ranged from 8.5 to 19.2%. Significant 
amounts of complex carbohydrates were not found in rice, which evi- 
dently had been highly polished ; the amounts in millet compare with 
those in the other foods on the wet basis, but are a much smaller frac- 
tion of the dry weight ; soybeans had a much higher concentration on 
the wet basis and near the average of the amount.s in the other foods 
on the dry basis. 

The three samples of rape showed differem-es in total complex carbo- 
hydrate content which seem attributable principally to variations in the 
cellulose and water present. The two samples of mustard also showed 
differences in complex e,arbohydi‘ate composition and water content. 
The differences between the fiber contents of samples of the same food 
are small in comparison with the variations found in, other f(.)od com- 
ponents, owing to degree of hydration, age, storage conditions, species 
and soil conditions. 

On the wet basis lignin was found in amounts ranging from less than 
six hundredths (0.06) to 0.5%, however, 1.4 to 3.2% of the dry ma- 
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terijil of tbc l(ial‘y vegetable^i was lignin in eoiupaiisuii witli only 0.3 to 
1.6% of tlie other foods. Cellulose composed 0.2 to 0.9% of the wet 
weight of tJie foods, excluding the dried seeds, and on the dry weight 
basis represented from 4.3 1o 14.2%. Significant differences in the 
lignin and cellulose contents of raw and cooked samples were not found. 

The total hemioellulose of the vegetables ranged from 0.1 to 0.6% of 
the wet weight and from 2.1 to 5.3%' of the raw dry weight. Cooking 
reduced the percentage of total hemieellulose in all the foods, by as much 
as 1% of the dry weight in pea pods. The amounts of labile heniieellu- 
lose indicated by the difference between the values foi- total and stable 
complex carbohydrate account for the total fiber values being larger 
than those heretofore published and conform with the results of Wil- 
liams et al. (’35, ’40) which demonstrated that values for available 
carbohydrate wei-e too high and for unavailable carbohydrate too low. 

Of 17 foods common in the diet of the Chinese, all but 3 have extremely 
high water contents and therefore low energy values. In many areas 
of China these vegetables comprise almost the entire list of available 
foods, while in other regions the dried se'kls of soy, rice and millet are 
available. As eaten the vegetables, i.e., fresh vegetables, dried seeds, 
would, in general, supply complex carbohydrates in amounts comparable 
to those of the same weight of soy beans. From the data and energy 
values published by Chatfield and Adams ( ’40), although obtained with 
similar American foods, the relative vahie.s of the vegetables and the 
dried seeds in meeting nutriment requirements can be shown. Amounts 
of the fresh vegetables weighing 12 times an isocaloric amount of dried 
soy beans would supply not more than one-fourth the fat (possibly in- 
cluding unavailable fatty substances), and one- to three-fourths of the 
protein but more than the amount of ash. The use of rice to provide 
calories equivalent to vegetables would decrease the intake of fat, ash 
and complex carbohydrates, hut would greatly reduce the protein in- 
take. Substitution of isocalorie amounts of millet for vegetables would 
not reduce the fat, ash and conqdex carbohydrate intakes as rnnch, and 
would change the protein intake only slightly. 


SUMilAKT 

Valnos for the lignin, cellulose and lieinieelluloso i-ontents of 17 foods 
eommon in the diets of the Chinese; are given on both wet and diy bases, 
together witli their composition with respect to protein, fat and ash. 

Although equivalent weiu’hls of tlie vegetable and seed foods, as 
eatim, wouhl su]3p]y comparalile amounts of complex carbohydrates, 
if the (OK'-rgy and protein r(‘quireinenis were met with llio vegetables 
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nlone tho intake of complex earboliydrato.s wonlrl lie eiglit t,o ton times 
larger than a diet wliieli supplied energy and protein with soy beans. 
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Although liumorons publications have appcarct!, a couipilatoju of pub- 
lished data shows that there remains a considoralile variation in sug-- 
gested requirements foi- the ascorbic acid saturatimi of noi-mal adults. 
Much of the variation is due to the fact that several methods of measur- 
ing saturation requirements have been used. These uietliods liave in- 
cluded a plasma ascorbic acid method, urinary responses to ascorbic 
acid m test doses, and “utilization” or “retention” values of the vita- 
min. Due to the fact that most of these methods are very time consum- 
ing, a rather small number of subjects has been studied. 

Using the criterion of a urinary response to a test dose of ascorbic 
acid given after the subject has been maintained on a controlled diet 
at a definite level of ascorbic acid intake, Belser, Hauck. and Stovviek 
(’39) studied 7 adults, reporting their ]-e({uirement for l)od\' .saturation 
to be from 1.0 to 1.0 mg. XJcr kg. of body weight ; Todimuler and Robbins 
( ’40) studied 3 adults by the same method, reporting tlieir I'lsiuireiuent 
for saturation to be l.t! to 1.7 mg. per kg. per day, Tlie ])ej-iod on a con- 
trolled diet followed a saturation period in which the .-'Ulijert wa.s given 
rnas.sive doses of ascorbic acid to insure saturation of the body tissne.s. 
In these studies the lowest resimrisc to the 400-mg. test, do.sri after 
known saturation was used as tin- eriterion for saturation for a subject. 
Since mo.st of tbe.se resj)onses were 30% or rrioj'e of tin* 400 rng. intake, 
most later studies use the level as their standarrl, arrd it is taken 
as the criterion for saturation in this pai)er. 

Using urirrary responses to the test dose and also a.serirhic acid IcN'ehs 
in the blood, Storvick and Handc (’42) repoi'ted data on 5 .subjects. The 
amounts of ascorbic acid ueeessaiy for tissue saluration (using the 50% 
level of urinary excretioxr) for these subjects were 1.3:’, l.,32, 1.34, 2.85 
and 1,51 mg. per kg. of liody w<nght. 

’From a dissertation jn’csented to Lie Oraduate School of tlio Yirs^inia I*oiyt(?ehuu> .hisfitutc 
bv AUct‘ B. Kline in partial fulfillment of liie roquiroments for the M. S. degree. 
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Saturation tests were reported on 3 subjects by Lewis, Storviek, and 
Hanck (’43), and again using the 50% leA^-el as a criterion, the values 
given for saturation Avere 1.35, 1.26 and 1.22 mg. per kg. of the Antamin. 

A someAAdiat different method aauis used by Purinton and Schnek ( ’43) 
to determine requirements foi- ascorbic acid saturation of 52 Avomen and 
11 men. These authors first determined the “fasting” level of ascorbic 
acid excretion in the urine, after Avhich they gave a 500-ing. test dose 
and measured the amount excreted in the urine. Prom the dift’erenee 
tliey obtained the amount of ascorbic acid retained or “utilized.” By 
this method it Avas found that 8 Avomen in the age range of 15-20 years 
required 1.85 mg. jier kg., 29 Avomen aged 2(4-25 needed 1.86 mg., 11 
men aged 20-25 required 1.71 mg. and 15 women aged 25-50 required 
only 1.50 mg. per kg. 

Dodds and MacLeod ( ’44) studied 12 subjects on four different IcaoIs 
of intake within the normal range of requirements. The intakes Amried 
from 32 to 110 mg. and they Avere not interrupted AAntli massive test 
doses. It was found that Avhen intakes reached 1 mg. per kg., plasma 
leA^els began to increase decidedly. Three subjects were studied for 
urinary excretion of ascorbic acid on levels of intake of 82 and 107 rag. 
These subjects Avere found to be saturated on 82 mg. which if calculated 
on the per kilogram basis is from 3.23 to 1.60 rag. for the different sub- 
jects, 

A summary of the data from the ahoA’c sIioaa^s that 18 subjects have 
been studied by the method which used the urinary response to test dose 
after gwen levels of intake. Of these, 17 had requirements betAveeu 1.0 
and 1.7 mg. per kg. of body AAmight. One subject required 2.85 mg. per 
kg. for saturation. Other methods of judging saturation I'equirements 
liaAm given Audues of 1.23 to 1.95 for 66 subjects. Prom these figures 
it is evident that there is a great deal of variation among indiA’iduals 
in their needs for ascorbic acid for saturation. 

EXPERIMENTAL 

The object of this study Avas to measure by a simplified modification 
of the urinary response to test dose method, the variation among 9 
normal young AA'omen in the amount of aseoi'bic acid necessary for body 
saturation. The subjects chosen ranged in Aveight from 49.3 to 70.0 kg. 
and from 60.50 to 68.28 inche.s in height (table 1). With tAAm exceptions 
their ages were betAAmen 18 and 22 years. The 2 older subjects Avere 31 
and 35 years old. 

The general plan of the experiment permitted the Avomen as far as 
possible to live under their normal conditioms. Tlieir meals Avere served 
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in ilie (lorniitovy dining' hall but at a special lulile whiclj was prin’ided lor 
them so their diets could be properly controlled. They were allowed 
ad libitum consumption of cereals, cooking fats, butter, sugar, coffee, 
nuts, eggs, cheese and meats (except giandulai- organs.) A preliminary 
study of the pasteurized milk served in the durmihti'y showed that it 
contained approximately 0.75 mg. of ascorbic acid in Ibe 500 jnl. whicb 
was the daily allowance of milk in the diet. Since Ibis was sucli a small 
amount of the vitamin it was decided to allow ad libitum consumplion of 
prepared dishes containing cooked milk and also ice cream Ilia) was 
pnrehased from the dairy which pi'ovided tlie milk for Ilie donnitoi'y. 

TABLE 1 

llip age, Jif-ight, and weight nf the nine Wffmen afted as snbjeets. 


^ri-iiairT 


SUBJECT 1 

AGE IN 
YT.ARH 

UKUillT IK 

! 

! 

; Pounds . 

Kilogruins 

I i 

31 

j 61,50 

loii.on 

49. S 

II i 

21 

! 61.25 

103.00 ; 

46.S 

nr ; 

18 

63,75 

153,75 ! 

70.0 

IV 1 

35 

! 64.50 

121.00 

55.0 

Y 1 

21 

62.00 

i 101,50 

46.0 

VI I 

21 

60,50 

^ 142.50 1 

i 64.8 

vii 1 

20 

63.00 

10S.50 ' 

' 49.3 

VIII 

Ofl 

Hu.Oo 

118.75 

; 54.1 

IX 

20 

i 68.25 

139.75 

1 63,6 


It was thought that the small errors involved in the eohsamption of 
ice cream and dishes containing cooked milk would lie more than com- 
pensated for by the wulliiigmess of the subjects to reniain on the experi- 
ment. All dishes served which contained any fruit or vegetablc.s were 
eliminated from tlie diet of the subjects. Each subject was ser\'cd daily 
tlirougbout the experimental period the foliowiug foods wdiioh contained 
small amounts of ascorbic acid: 100 gm. of canned earrot.s, 100 gm. of 
canned green beans, 100 gm. of canned apple sauce, 100 gm. of canned 
peaches and 500 ml. of pasteurized milk. The foods were analyzed at 
least twice during each experimental period. The indopbenol titration 
method was used as given by Thornton (’08) except that 0.35% oxalic 
acid was used instead of a mixture of sulfuric and nietaphospliorie acids. 
Preliminary work liad shown the former to he as effective as the latter in 
prevention of oxidation of ascorbic acid. The total amount of ascorbic 
acid in tlie experimeiital diet Avas fairly con.'^tanl, varying from 15.4.‘J 
mg. per day in tlu' first xieriod to 10.15 mg. in the third period. 
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ITriiie collections were made only during the 24-hotir periods pre- 
ceding and following the test dose. Since conclnsions on saturation 
are drawn only from the urinary response to test doses, daily analyses 
of urine wei'e omitted in order to permit the study of more subjects. 
Analyses were made by the same method used for the foods (Thornton, 
’38).' 

Each experimental period consisted of a 5-day saturation period 
followed by 6 days on tlie experimental level. During the satui'ation 
period 200 mg. of cry.stalline ascorbic acid - was given each subject for 
4 days. On the fifth day a 400-mg. test dose was given and if 50% or 
more of the total intake for that day was excreted in 24 hours, the 
subject was considered saturated. On the fourth and fifth days of the 
saturation period the subjects ate the controlled diet containing ap- 
proximately 16 mg. of ascorbic acid but for the first 3 days of the period 
the diet was not controlled. If the subject was saturated she was con- 
tinued on the controlled diet and the experimental level of ascorbic acid 
was begun. This was continued for 6 days. On the seventh day the 400- 
mg. test dose was again given and if 50% of the 400 mg. appeared in the 
urine, it was considered that the level of the previous 6-day intake had 
been sufficient for the subject’s saturation needs. All crystalline supple- 
ments were given at breakfast in water which was colored and flavored 
to resemble orange juice. Since a range of 1.0 to 1.95 mg. per kg. had 
been found required for most of the individuals studied, a level of 1.8 
mg. per kg. was used for the first period in the present study. If the 
subject was saturated on this level, 1.4 mg. per kg. was given next. 
If a subject was not saturated at this level it was assumed that her 
requirement for saturation was between 1.4 and 1.8 mg. per kg. How- 
ever, if a subject was not satui'ated at the 1.8 mg. level she was put on an 
intake of 2.2 mg. per kg. If a subject was saturated at the 1.4 mg. level 
she was continued on a lower level. Thus, the saturation requirement 
for any individual could be found by a continuation of the above process. 

BESULTS AND DISCESSTON 

All 9 subjects were put on the saturation level at the beginning of the 
experiment but all did not become saturated during this 5-day period. 
It was interesting to note that out of the 5 subjects who did not excrete 
as much as 50% of the test dose, 4 were individuals who had not been 
habitual in coming to breakfast previous to the study. Since the chief 
source of vitamin C for the day was usually served at breakfast, the 

® Aeknowledgmeiit ih made to Hoffman LaKoehe, Inc*, for a generous supply of crystalline 
ascortde acid. 
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reason for tlie lack of saturation is obvious. It was, of course, necessary 
to continue tbe saturation level for these individuals until the tissues 
were saturated before experimental levels could be started. 

The responses of tbe 9 subject.s to various levels of intake are given in 
table 2. It may be seen that 7 of tbe subjects, all except I and VI, were 


TABLE 2 


Tiveniy-fonr hour tKrerfjtio'iis of a tent dose of -100 of aseorhie avid (total hit alee 100 - 4 - 
amdt, in diet) following two saturation periods and periods of rnrious Inwls 
of ascorlne acid intake. 



S.'V'l'lTRATTON L 

JlVlib 

VATIIOVH 1 

KX 1 'i ; U I M EN'J*Ar< I.EYET .8 

NO. 


200 mg. 


O.d lug;, iier kg. 1 .4 iiig. per kg. 

Iiody wt. body ivt. 

1 .H rug. ] 
Ixidy 

i!Hr Ivff. 3.2 mg, per kg. 
wf, body wt. 


Period 

exe’d. 

exfi’d. 

exo’d. exo’d, rxu’d. 

rx^dd. 

i-xc.' (1 . 

t'xidd. ‘-Xfs’d. I'sc'd. 



mg. 


mg. % mg. 

\ t' 

mg. 

^4 mg. To 

I 

1 ' 

225 

54 



89 

21 200 48 


o 

186 

45 





II 

1 

251 

60 

165 

40 

.303 

73 


2 

857 

86 





in. 

1 

240 

58 

177 

43 

226 

54 


o 

336 

SI 





IV 

1 

104 

47 

1S7 

45 

2S6 

69 


2 

352 

85 





V 

I 

294 

71 

ITS 

43 

206 

49 


o 

246 

50 





VI 

1 

230 

55 



165 

40 .140 34 


2 

135 






VII 

1 

254 

61 

200 

48 

331 

SO 


o 

223 

5-i- 





Ann 

1 

336 

81 

233 56 370 

SO 

218 

52 


2 

350 

84 






8 

366 

88 





IX 

1 

260 

63 

191 

46 

315 

76 


o 

237 

57 





saturated at the level of intake of 1.8 mg. per kg. 

'When the level of in- 


take was reduced to 1.4 mg. per kg., 6 of these individuals became un- 
saturated. Thus, for these 6 young -women, an intake al)ove 1.4 but not 
greater than 1.8 mg. per kg. was required for saturation. 

Three of the nine subjects had either higher or lower requirements 
than 1.4 to 1.8 mg. per kg. Subject VIII excreted 89% of the test dose 
after a level of 1 .4 mg. She -was continued on a reduced level of O.fi mg. 
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per kg. Her response to the test close after this level was 56% of her in- 
take. Tluis, she was still maintaining tissue saturation on this low level. 
Time did not permit further study of this individual but certainly her 
re(purement was far below that usually recommended. The reasons for 
such deviation in requirements for ascorbic acid saturation are at 
present unknown. 

Subjects I and VI were not saturated at 1.8 mg. so they were put on a 
level of 2.2 mg. per kg-. On the latter level, subject I excreted 48% of 
the test dose and subject VI, 34%. It was not possible to continue study 
of these 2 individuals but it would seem that their requirements for 
saturation had not yet been met. 

Thus, from the present study we find that of the 9 young women, 6 
had a requirement of ascorbic acid for saturation of 1.4 to 1.8 mg. 
per kg., 1 liad a saturation requirement of 0.6 mg. or loss, and 2 of 2.2 
mg. or more. No report in the literature was found of a requirement 
for saturation as low as 0.6 mg. per kg. and the reasons for such a low 
requirement for this young woman are not known. Storvick and Hauck 
( ’42) found that 1 of their 6 subjects had a requirement of 2.85 mg. per 
kg. which is interesting in view of the fact that 2 subjects in the present 
study wei-e found to require 2.2 or more mg. per kg’, for saturation. 
It is felt that by using the simplified technique proposed in this study, 
large numbers of individuals could be studied and the extent of varia- 
tion in requirements for saturation could be leai-ned. 

SUMMARY 

1. A simplified modification of the method using responses to the 
test dose for the determination of saturation needs of ascorbic acid 
was used. Daily urinalysis for ascorbic acid were omitted and only 
the 24-hour samples of urine before and after the test dose were 
analyzed. A more liberal intake of ad libitum foods was allowed and 
the subjects as far as possible lived and ate under their normal dormi- 
tory conditions. 

2. Of 9 young women, 6 were found to have an ascorbic acid require- 
ment for saturation above 1.4 mg. per kg., but not greater than 1.8 mg. 
One subject had a requirement of 0.6 mg. or less per kilogram, while 2 
had requirements of 2.2 mg. or above per kilogram. 
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U, S, Bcpartmcnt of Aprleuiturc, BdUvillr Bemmvh 'Marviaud 


•* OXE FJfH’JIK 

(Rt.'ccivccl for xmbli cation August 2, 194-1) 

The recent and xmprecedented use of diied eg-g in the human diet 
has made it imperative to evaluate accurately its nutritive properties. 
The effect of dehydration on the vitamin content of eggs is a major con- 
sideration because of the recognized value of eggs as a protective 
food. 

Hauge and Zscheile (’42) found that the spray-drying ]')vocess caused 
little or no loss of vitamin A in eggs. Ivlose, Jones and Pevold (’43) 
confirmed this finding, and, in addition, observed that tliiainiiio, ribo- 
flavin, pantothenic acid, and nicotinic acid ’wein stable diniiig tlic spray- 
drying process. They also reported that during subsecjnent storage 
some loss of thiamijie occurred ami vitamin A was lost fairly I’apidly, 
])avtjculai’ly at elevated temperatures. 

A stxidy of the effect of spi'ay-drying on the vitamin A, 1), and ribo- 
flavin content of eggs and the stability of these vitamins during sxib- 
secpient storage of the dried product was undertakejt at the Beltsville 
Research Center, Beltsville, Afaryland, in May, 1942. 

MATEEIALS AND METHODS 

The samples of fresh liquid and dried eggs were ohtaimjd through the 
cooperation of a commercial egg drying plant in Kansas <dity. In order 
to insure proper sampling, samples of fresh liquid eggs were taken 
from the churn and a few minutes later samixles of the dried product 
were obtained. The samples were frozen and shipped under refrigera- 
tion to Beltsville. 

Tlie vitamin A content of the eggs was estimated hy biological assay 
with rats and hy the sixectj-ophotometric method, vitamin D by biological 
assay with i-ats, and i-ihofiavin by the microbiological method. 


•let 
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The general procedure for the biological assay with rats was adapted 
from the method described in the F. S. Pharmacopoeia XII. 

For the vitamin A estimations, rats between the ages of 21 and 26 
days were collected in groups in screen-bottom cages and were housed in 
air-conditioned rooms. They were fed only the basal vitamin A deficient 
diet. After a depletion period of B weeks the animals were placed in 
individual screen-bottom cages. When the rats reached a constant 
weight, or by the twenty-eighth day, supplementary feeding of the test 
material was started and continued for a period of 6 weeks. Weekly 
weights were recorded for all the animals. Because the eggs used 
were received in tliree batclies over a period of months, it was neces- 
sary to make three separate assays. Usually two to six samples of egg 
material were assayed together. When six samples were to be assayed, 
ten groups, each containing four male and four female rats were as- 
sembled and distributed isogenically according to weight. A sample 
of egg was fed to each of six of the groups and a reference standard 
fed at appropriate levels to the other four groups. 

Orystallino 0-carotene, dissolved in peanut oil and cheeked for purity 
and concentration by means of the spectrophotometer, was used as a 
standai’d of reference. The standard was fed daily at levels equivalent 
to 0.5, 1.0, 2.0, and 3.0 International Units of vitamin A. The results 
obtained from the growdh of the groups of rats fed the standard were 
used to establish a curve of response. The vitamin A content of each 
egg sample was estimated from this cnrvo. 

Tho “line” test curative method was used for the estimation of vita- 
min I). The rats were from the same stock colony as those used for the 
vitamin A assays. The basal rachitogenie diet, no. 2965, of Steenbock 
and Black (’25), was fed during the depletion period of 21 to 28 days. 
The vitamin D-depleted rats were then distributed isogenically into 
groups, and received supplements of U.S.P. reference cod-liver oil and 
egg matei'ial for 6 to 7 days. The animals were killed and tested for the 
degree of bone healing on the tenth day after supplementary feeding 
was begun. A curve of response was established from the means of the 
bone healing values which resulted from feeding different levels of the 
reference oil. The vitamin D content of the egg samples was estimated 
from the response curve. (An arbitrary standard scale extending from 
0 to 3 with graduations of 0.5 rvas used in the estimation of the degree of 
bone healing.). 

The procedure used in the spectrophotometric estimation of vitamin A 
was essentially that desseribed by Madsen and Davis (’38), except that 
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purified etliyl ether Avas used instead of petroleum ether to esti’act the 
non-saponiflable fraction. 

h or the microbiological esfiinatioii of ribofiaAfiii tlie eg’g s.anjplos weiaj 
autoelaA'ed in 0.1 N hydrochlojio acid at 15 pounds ju'essure for 30 
minutes. After adjustment of the pH to 4.5 with sodium hydi-oxide tin? 
solution Avas filtered and the filtrate made up to a suitable volume and 
assayed by the method of Snell and Strong ^39). 


EXl'EUTAtENTAL UESLTL'L’S 

Dehydration did not cause an appreciable loss in the vitamin A con- 
tent of emulsified Avhole egg. The results of both biological assays and 
physical determinations shoAV good agreement hotAveen the fresh and 
dehydrated samples (table 1). HoAvever, the values obtained by the bio- 
logical assay of egg yolk indicate that drying of this material caused 
some destruction of the vitamin A. 

TABLE 1 

Effect of spray-drying ofi the miamin A, D, and rihopavin conCent of eggs 
(all figures on a dry u.eigJd basis). 


j . %ATAMIN‘ A I I 

BBSOR.IPTION OF SAMPLilS ! TlTAMlNIi i Rir.OPL.WlN 

1 Biological i Physical i | 


iN"o. 1 

Emulsified whole egg 
Spray-dried whole egg 

1. r. pf^T fjm. 

HI 

G3 

Ilf!. p(>i' gm. 1 T.T\ i>f‘r gw. 

HI ' 

HI 1 ;ks 

— .. 

gg. gu>. 

14. 

12 

No, 2 

Emulsified egg yolk 
Spray-dried egg yolk 

il5 

i (ii 

1 

H.] 

H7 ! 'SJj 

9 

9 

No, 3 

Emulsified whole egg 
S]>ray-dried whole egg 

i sn ' 1 

; 42 i 

21 i 2.3 

22 4 A 

[ 13 

11 


The experimental results indicate that drying caused little or no loss 
in the vitamin D and riboflavin content of the eggs. The Amriations be- 
tween the values for the emulsified and dehydrated eggs are slight and 
may be attributed to experimental error. 

The decrease in the Autamin A content of stored spray-dried egg’s is 
sboAvn in table 2. The results of both the biological and physical methods 
show a considerable loss, the results of the former method indicating a 
much greater loss than those of the latter. This difference is especially 
noticeable in the case of the sa.mples stored at the higher te]nperature,s. 

Vitamin D and riboflavin in the stored sptay-dried eggs Avere quite 
stable during storage periods of from 4 to 6 months at temperatures 
up to 98°P. (table 2). 
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TABLE 2 

Efi'cct of storage on the vitamin A, .7), and riho flavin content of spray-dried eggs 
(all flgares on a dry weight basis). 



S OF (?TORAaK 1 

VTTAM IK A 

VlTATvI IK D 


Tiino 

ToittjieruUire 

Biolojjical 

Physical 


i 

I. r. pe r gm. 

/. U. per 

/. U. per ffW. 

pg. pwr pin. 

0 ; 


03 

62 

3.S 

i 13 

4 

30 I 

ns 

58 

3.6 

12 

3 

70 ' 

33 

47 

3.8 ! 

13 


98 i 

10 

41 

3.7 1 

12 

(1 1 

L J* ___ ’ 


M3 j 


13 


MAnvci‘t(‘d from niiirrograjMs to ! uleriiatuHiol rults hy iiso of tho coini-rsioii f-jo-lor 2. 


.Dl'StjrsSlON 

As iho time and labor involved in the biological assay method t‘oi‘ 
vitamm A preednde its nso in routine analysis, the spectvophotoraetrie 
method was studied A\'itli the intention of correlating the results ob- 
tained bj' tlie two methods. Preliminary studies of emulsified whole egg 
and spi-ay-dried egg samples shorved that each microgram of vitamin A 
determined siwctrophotometjieany was ecjuivalent to trvo International 
Units e.stimatod by the biological iTielliod. The values in table 1 show' 
reasonably g’ood agToement when the factor 2 is used to convert mi(n-o- 
g'vams to Intornationai Units. 

The same procedure was followed in estimating the vitamin A. con- 
tent of the .stored dried egg. hnt here the agrcouiont hcdw'een tlie two 
methods was not as good as it was in the case of the recently dried egg 
samples. Tlic values estimated spectroirhotometrically compared less 
fa\'orably witb the hiological values as the temperature and time of stor- 
age were increaseil. As high results were obtained with the physical 
method, presmiiably the substances i-cspousible for the irrelevant 
absor})tion increased in tlie egg samples during the storage period. 
Therefore the conversion factor established for the emulsified whole 
egg’ and the recently dried egg cannot he applied to stored samples. 

As the irrelevant absorption is an additive factor, its snlitraction 
from the total alisorption of tlic vitamin A extract should give the ab- 
sorption due to the vitamin A. Accordingly an attempt wms made to es- 
timate the vitamin A by difference. The results are represented by the 
absorption curves in hgure 3. 

Curve 1 is tyT)ical of the extract of a dried egg sample. The vitamin 
A in this extract rvas destroyed hy exposure to sunlight, and the residual 
absorption moasnj’ed (curve 2). The difference between these two 
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oiirves 8liou]d be tbo absorption cansed oiiiy b\' the vitaiaiii A. The 
absorption curve of a vitamin A concentrate was dotermined (curve 5). 
The same quantity of tlie e07icontrate tluil was used for tins curve 
was tiien. added to the vitamin irce extract; absorjitioii nieasui’emenls 
gave curve it. Tlio vitamin A was destroyed, in Uie extract and also in 
llie solntion of vitamin A. concentrate. Subscijiient nbsoi'ption inoasure- 
meuts resulted in eurv<! 4 for tbe extract aud cairvi.' fJ fni- the cniicen- 
trato. A comparison of curves 5 and 0 sliows lliat tbe vitamin was eimi- 



Fig. 1 'J’hu eii'cct (jf in’olevaiit altHorptioii (»n the roithdiotiK-t-i'ic bsliuiatiuii (>!' vittiiiiin 
A in si 0 rod didcd eggs. 

(hivvo 1 Typical absorption curve of extract of stored lirii ri egg. 

Curve Vi Absorydioii curve of extract after vilaujin A tvud thbst roved by oxjtOHure t«a sunlight* 

Curve V> A)>so7‘p>tiou ou’ve of extraci ai*ic*r a vitaraiii A concpnfcnite was added, 

Ciurvo 4 Absorpliftii curve o.f extract after Iho addctl vilainiu A v;as {i(\s1n>yed by i'xposurc 

to .sunlight. 

(Jurve d Absorpliou curve of a .solution ef vitamin A troncenlratc. 

Curve 6 Albsorptioii curve of the solutimi ai'it'v the vilaiiiiu A was dostroyed }iy exposure to 

SFUiligllt. 
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pletely destroyed by exposure to simligiit. As curves 2 and 4 do not show 
the same intensity of absorption in the region of the vitamin A maximum 
it is apparent that the irrelevant absorption did not remain constant 
when the vitamin A was destroyed. Therefore it appears that a con- 
version factor for each condition of time and temperature of storage 
would have to be established for the routine analysis of dried egg by the 
speetrophotometric method. 

The retention of vitamin D and riboflavin presents no problem in the 
keeping of dried egg for the experimental results show that these vit- 
amins are quite stable. 

In general the results obtained in this study of the stability of vita- 
mins A, D, and riboflavin in eggs during the spray-drying process and 
subsequent storage of tlie dried product are in excellent agreement with 
the findings of Hauge and Zseheile ( ’42) and Klose, Jones, and Fevold 
(’43). 

summary 

The vitamin A content of emulsified whole eggs and spray-dried eggs 
was estimated by biological and speetrophotometric methods, tlie vita- 
min D content by a biological method and the liboflavin by a micro- 
biological method. Tlie results indicate that no loss of these vitamins 
occurred diu-ing the spray-drying process. Vitamin 1) and riboflavin 
are stable in the stored dried products whereas vitamin A is lost fairly 
rapidly especially at the higher storage temperatures. Estimation of 
vitamin A in the stored products by the speetrophotometric method pre- 
sented difficulties. Tlie effect of impurities that absorb in the region of 
the vitamin A maximum does not remain constant during the storage of 
the dried jjroduet. Attempts to overcome this difficulty are discussed. 
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(Eeeeived for xniblication Axigiist 7j 1044) 

INTBODITCTION 

In a I'eeent publication (Stratton, ’43), one of tlie authors lias called 
attention to a number of native wild plants that are useful additions to 
war-time diets as greens or salad plants. The present paper reports 
assays of the vitamin C (ascorbic acid) content of a number of the com- 
monest of these edible wild plants, the tests involving both fresh sam- 
ples, those which had been placed in frozen storage for several weeks 
before testing, and those which had been cooked. 

The literature records tests of vitamin C content for a few species 
of wild greens in the fresh state. Burrell and Ebright ( ’40) report as- 
says for this vitamin in dandelion, shepherd’s purse, and pokeweed. 
Burrell and Miller (’39) have also determined vitamin 0 content in 
curly dock, wild lettuce, and ehickweed. The values for curly dock and 
chickw^eed obtained by these wmrkers were comparable 1o those obtained 
in this study, but they reported higher vitamin C values for dandelion, 
shepherd’s purse, and pokeweed than were obtained in our determina- 
tions. All of these tests were made by means of the dye titration 
method. 

It is well known that the food value of various crops is markedly 
affected by the environment and soil in which the crop has grown ; for 
this reason an attempt wms made to gather the samples for testing in 
locations characterized by differences in soil, shading, and other eco- 
logical variables. 


MATERIALS AND METHODS 

The species of wdld plants tested are listed in table 1. An attempt 
was made to gather and prepai-e the plant tissues in wmys comparable 
to the recommended practices in gathering and preparing wild greens 

^ The. work reported here wos carried out under a joint project of tlie Oklahoma Agraeultnral 
Experiment Station, and the School of Arts and Sciences of tlie Oklahoma Ajirieiiltural and 
Mechanical Oolle^e, 


427 



TABLE 1 
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^Nhade: “j-ii full shade; 


partial shade 

' » — "J 

full sun. 







^Sojl: Ij, l(^n«i; B. black; S, sandy; C, cbiv. 

^ Plowed; plowed past 6 months; — , minlowed during this time. 

* Siicciilciiee: suecuieiit; Y, 'very; M, moderately: T, fairly. 
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for tlie table. The majority of the samples were collected botwee]i 8 siiid 
11 A.M. and prepared for testing immediately tliereafter, before the 
plants had wilted. An aliquot of each sample was blanched for 1 minute 
in boiling water, quick-frozen without delay, and placed in frozen- 
locker storage for a period ranging from 36 to 65 days. A second ali- 
quot -was macerated i na Waring lllender and tested without further 
treatment, while a third aliquot of 50 gm. of greens was cooked for 5 
minutes in 100 ml. of boiling, distilled water, after which the assay was 
made on the combined greens and cooking -water. The frozen samples 
were then treated as the fresh, uncooked samples. The Klett-Sumnier- 
son colorimeter was used for the ascorbic acid determinations which 
were made according to the method of Loeffler and Ponting (’42). 

DISCUSSION 

The vitamin C determinations may be compared wdth those reported 
for spinach, in which the vitamin C content is in the approximate range 
of 0.50 to 0.65 mg. per gm. of greens (Booher, liartzler, and Hewpston, 
’42). In comparison wdth this range the wild greens tested fall into 
three groups: (a) pokeweed, tall dock, and curly dock, with vitamin C 
contents about double that of spinach; (h) poverty weed, shepherd’s 
purse, and lamb’s quarter, which were, roughly, equal to spinach in 
vitamin C content; and (c) ehiclrweed, common dandelion, red-seeded 
dandelion, and prickly lettuce with vitamin C values materially IcAver 
than spinach. 

In general, the changes in vitamin 0 content following freezing and 
cooking were comparable to tbe changes iliat occur in cultivated greens. 
With tbe exception of tbe red-seeded dandelion the frf>zcn saniples 
showed marked loss in vitamin C content, as is true for si>inach. Iti some 
cases the vitamin C values obtained for cooked gi-eens wore higher than 
those for comparable samples of uncooked greens. Tliis ivas particu- 
larly true of the twm species of dandelion. Tn some instances no reading 
was obtained wdth the raw' material, w'hilo the cooked material indicated 
the presence of vitamin C. This may he din* to the use of 1% meta- 
phosphorie acid for extraction of the vitamin. Some of those greens 
may have had higher oxidative activity and Reid (’42) has concluded 
that higher concentrations of metaphosphoric acid than were used in 
these tests are necessary for such refractory materials. If this is the 
case, the vitamin C content of some of our samples may have been ma- 
terially higher than wms brought out by the assays. 

The frozen samples varied in their time of frozen storage from 36 to 
65 days. Comparison of the loss in vitamin content with length of time 
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in frozen storage showed no correlation. There was no evidence of a 
progressive loss in vitamin C content with increasing time of storage 
within these limits. 

The data in table 1 give some indication that plants growing in full 
sunlight have more vitamin C than those growing in the shade, those in 
unplowed ground more than those in cultivated land, and those in rich 
loam or sandy loam soils more than those growing in clay qr sandy clay 
soils. Many factors appear to influence the vitamin C content of wild 
greens, including soil, moisture, temperature, time of day sample is 
taken, stage of development of the plant, and others. It was not within 
the scope of this study to attempt to determine the individual effects 
of these factors. Such a study would require the growing of plants 
under controlled conditions. 


STJMMAET 

Vitamin C assay of fresh, cooked, and frozen samples of edible wild 
greens showed that pokeweed, tall dock, and cuidy dock contained twice 
as much of this vitamin as spinach; poverty weed, shepherd’s purse, 
and lamb’s quarter about as much as spinach; chickweedj dandelions, 
and prickly lettuce considerably less than spinach. Loss of -vitamin 0 in 
wild greens due to freezing or cooking was comparable to the loss 
sustained under similar conditions by cultivated greens. There was 
some indication that the vitamin C content was greater in plants ex- 
posed to full sunlight and in fertile, uncultivated soil. 
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The existing knowledge and theories concerning canine hysteria were 
carefnllT discussed bv Hewetson (’36). He was unable at that time 
to arrive at any definite conclusions regarding the disease from consid- 
eration of the known facts. At best it is an ill-defined malady wdiose no- 
menclature, cause, and treatment are in dispute. Numerous other terms 
have been suggested and used for the syndrome, namely, runnmg fits 
(Arnold and Elvehjem, ’39), fright disease (Grace, ’30), epizootic hys- 
teria, enzootic hysteria, infectious hysteria (Campbell, ’2/ ), and hyper- 
'kinesia ( Lint z and LiBtZj ’29). 

The symptoms generally associated with the disease are paroxysmal 
attacks of hvperexcitability characterized by running, barking or howl- 
fo- faultv Vfsion, deranged balance, dementia, and oiten cloiue con- 
vuTsiLs The secretion of a heavy mucous saliva is common especially 
durino- tiie convulsions. During the convulsions urination and defecation 
ftemently occur. Ttc affected dogs seem mdiftera.t to mjury or to et- 
foX to quiet tliem. Excitement and physical strain influence the oime 
and fcequXy of attacks. Heredity (Berryman and Schlot liauer, «) 

is also Mievid to he a factor affecting the animals’ susceptibility. Be- 
IS also Deiievea appear normal but is often nervous and 

:Xht:fX"L” P-ipHated by stimuli such as a 

sudden noise o/ %®“);Y^Xbecn reported to produce similar symp- 
A number of affl J observed bysteria among experimental 

toms. “liadin. Arnold and Blvelljem (’39) 

dogs reeeiymg ratims and meat scrap canserl 

Snl yoXg dogs and thonght that a lysins deficiency was inyolvcd. 

.its 

tion. This work was supported m. part by a granr 
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They also suggested that a toxicity might be a contributing factor. Pat- 
ton ( ’39) attributed similar symptoms in dogs fed a baked dog food to a 
thiamine deficiency. McGhee ( ’36) thought that the condition was due to 
a low blood magnesium level. Chambers ( ’30) reported a case in which 
the addition of quantities of tallow to a ration of meat and baked bread 
cured hysteria. Others have believed that distemper (Grace, ’30), ear 
mites (Chambers, ’30), intestinal obstruction (Browning, ’29), vitamin 
A deficiency (Walston, ’33), or ticks (Macfie, ’30) were the cause of the 
disease. 

Many of the workers who believe the disease to be related to the 
nutrition of the affected animals have commented on its frequent as- 
sociation with the feeding of baked dog foods. For this investigation 
it was originally intended to select commercial baked dog foods on 
the basis of their hysteria-producing potency and secure sufficient quan- 
tities of the worst offenders for further experimentation. In the midst 
of this program, Dr. H. B. Parry,-’ ® Avho had been conducting feeding- 
experiments Avith giiadin in this laboratory discovered that by feeding 
commercially produced AAdioat gluten to young dogs all of the usual 
symptoms of canine hysteria could be produced wfith great rapidity, and 
intensity. The frequent occurrence of Avheat products as an ingredient 
of baked dog foods, and the similarity of the symptoms suggested 
that the disease aaus the same in both eases. The Atse of Avheat gluten 
offered a more ])rodiicliA e api)roach to the pi-oblem than the feeding 
of commereial dog foods and subsequent efforts Avei-e directed to the 
investigation of this material. 


EXPEEIMENTAL 

Animalfi 

Jffongrel dogs woi'e obtained at Aveauiug and fed a milk diet for seA'- 
eral days. During this interval they received as a Amrmifuge ^-grain of 
santonin and ii-grain of i)henolphthalein folloAAfing a 12-hour starva- 
tion period, after A\hich they Avere trausfei-red to a normal, adeciuate, 
dry ration for 1 Aveek before being used for experimental purposes. 
The animals AAmre kept in a heated, lighted room in indiAudual cages of 
heaA^y A\-ire mesh, the doors of A\diich AAnre of concrete coA'^ered with A\mod 
shaAuugs. The proximity of the animals to one another Avas such as to 
permit ready transmission of the malady if an infectious agent AV(‘ro 
responsible. 

® Unpublished dwtft. 

* Present address s Imperitil (,'heinienl riifinuneeulieuls, Eutelibe Uganda. Uritisli East Afriea. 
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At the end of each expcviinent animals which had veccdved hysteria- 
producing rations Avere transferred to a normal ration for a recovery 
period of at least 1 week. By this procedure it wa.s possible to use 
each animal for several expei’iments. After animai.s had attained the 
age of 6 to 8 months their susceptibility was so reduced as to make 
them unsatisfactory for assay purposes. 


Production of caiiiiia In/sfcria with- cnimncrcial 
hakrd dog foods 

Tlie baked dog foods used in this poi'tion of tlie work Avere I'Ogular 
commercial products. They- Avere coarsely ground and 97 parts of the 
ground material mixed with 1 part cod-liver oil, 1 jiart NaOl, and a part 
Lh^er Fraction B Preliminary experiments had demonstrated that 
the aboAm supplements did not prevent tln^ occurrence of attacks of 
canine liysteria. The above rations and Avater Avert* supplied ad libitum. 

TABJ.i: 1 

Cituutc ]ii/,stcna froii* iho ftcdutif of bal'td dO(j foadft. 


SAM PLi: 

RESULTS ; 

SAMPLE 

IIESITI.TS 1 

SAMPLIv 

RE .SUETS 

1 

fed IS days; 

1) 

first attack j 

1(1 

first nftaek 


no aftaekg 


on .14 tb day 


oil 24 ill da j 

2 

.fed S4 days; 

i 

drst attack 

.1.0 

ilrst aftaek 


no attaeks 

1 

OH otli day ■ 


till lli.li day 


fed 41 days;; 

7 

fed S3 days; ' 

11 

atlack 


nn rtttaebs 

1 

Oft at jacks i 

! 


lilt 32] ni day 

5 

fed 34 days; 

i 

first a flack j 

i 1 pins 

first attack 


110 attacks 


«»n iitli day i 


(HI 2Slh day 


1 

i 

i 

first attatik : 
on 5tli day j 

casein 



Results obtained on nine samples are listed in table 1. Limited quan- 
tities of sample 1 prevented a more prolonged assay. Tavo samples Avere 
fonnd to cause attacks in less than a Aveek. Tavo other samples also 
caused hysteria hut more sloAvly. Five samples failed to sIvoav activity. 
The affected animals displayed symptom.s of nervou.sness, fright, run- 
ning, hoAAding, and in some cases convulsions. Secretion of a lieaAy 
mncous saliva occurred during attacks. The loss of sight which occurred 
was not complete nor Avas it permanent. The animals’ pupils avcm-c di- 


^ Wilson Laboratories. 
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lated and the eyes were fixed and staring. No iutei'ferenee with tlie light 
reflex was apparent. 

The effects of a number of compounds, the lack of which have been 
associated with seizures of hysteria by other workers, were studied 
with those samples found to produce attacks. The responses of a test 
animal receiving sample 6 to supplementation with thiamine hydro- 
chloride, casein, dried (.'anned dog food, and lysine hydrochloride are 



1 (.Growth curves of dogs fod liystoriii j^roducl ion rations. H = liysteria nttaols. 

I>og no. oO. .Fed dog food stnnple no. d tliroiigliout the period shown, in the grapli. Hup- 
pienieuts: — - 4 lug. ot' tliiainino hydrocliltjridtt ; 0 ,10 gin. of casein per day; X ~ 2U0 

gin. of fjimncd dried dog food; F — F>o gin. of eiuiiied dried dog .food; L 250 mg. of d-lysine 
dihydroclilondc. 

Dog no. 70. Fed ration W-l (casein ration, see table 2) for 2 weeks before receiving wheat 
gluten ration Vv'-2 for 3 weeks; lie represents oral administration of 2 mg. of pyridoNine 
bydroiihloride. 


show IX in figure 1 (dog no. 36). None of these supplements either pre- 
vented or appreciably delayed the onset of attacks. Stimple 11 (table 1) 
still can, sod hysteria wlien supplemented with 5% crude casein. The ly- 
sine, canned dried doc food, and casein snpplenieiits elicted snxall 
growth responses. Similar effects wex*e obtained with other dogs. 

Canine hysteria from ivheat gluten 

Several laboratory rations were devised to study the effects of w'heat 
gluten (table 2). Rations "VV-l and W-2 are Dr. Pariy’s modifications 
of Melniok and Cow gill’s rations (’37). The i-emahider of the rations 
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have been modified to correspond more closely to the constituents gen- 
erally irsed in this laboratory for experimental animals. To reduce 
the chances of rancidity not more than a week’s supply of each ration 
was mixed at a time. The dogs were given access to 50 gni. €)f ration 
per kilogram of body weight per day, which wa.s approximalely the 
average consumption on rations of this type. This restriction was iuimd 
necessary to prevent the dogs from over-eating when first fed these high 
.sucrose rations. Such gorging is followed hy indlge.stion and a marked 
drop in food consumption which may persist for several days. Water 
was supplied ad libitum. Supplements of proteins and amino acids 
which amounted to more than 1% of the ration were substituted for 
equal amounts of sucrose. 


T.VBI.E 2 

Lahoratorif ratiom used for whcai pluiin studies^ 


CONSTITUEKT 

w-1 

w-2 

w-s 

W-4 

W-7 

w-s 

W-0 

W-] 0 

W-I2 

Acid-waslied casein 

. . 4.7d 



27.5 

'20 

20 

20 

20 

20 

Wheat gluten 


4.87 

30 


10 

15 

20 

25 


Lard 

. . 3.77 

3.77 

21 

21 

21 

21 

21 

21 

21 

Sucrose 

. . 7.50 

6.33 

40 

42.5 

40 

35 

30 

25 

50 

Salts 4 



4 

4 

4 

4 

4 

4 

4 

Wesson salts 

. . 0.30 

0.30 








Bone ash 

. . 0.40 

0,40 

. . 



, , 


, • 


Liver Fraction B (Wilson) - . . 

. . 0.33 

0.33 

•r 

»» 

3 

3 

3 


3 

Cod liver oil 

. . Note “ 

Note " 

o 

2 

o 

2 

2 

2 

2 

Total 

. . 17.06 

15.90 

100 

lOff 

100 

too 

100 

1t)0 

100 


^ All tmiirinls siipplemexifct^ witli Lu mg. of tliiairtine hydroeWoridej 2.0 mg* of liiiioiii, 1.0 Kig. 
of pyridoxino lijtlroclilorido, and 10 ing. of alplot-tocopberol per kilugraiu *>{* htnly per 

week. Suppleineiits given orally “by pipette. 

^ Wilson Laboratories^ CMcago, III. 

^ Tw'O rol, cod liver oil orally per day by piptatte. 


Experiment 1. Two G-month-old fox terriers weighing 5.7 kg. and 
6.5 kg. %vere fed ration W-1 (casein) for 13 days. The ration was 
changed to W-2 (wheat gluten) and the incidence of hj’steria attacks 
observed. The responses of animal no. 76 are shown in figure 1. This dog 
had an attack after 5 days on the wheat gluten ration. The other suffered 
from deranged balance by the eighth day and iiad attacks of hysteria 
on the tenth clay, dying after 22 days on the ration. Supplements of 
additional crystalline pyridoxine were given orally to botli animals 
without effect. 

Experimepts II, 111, IV. Effects of lysine mid protein supplements. II. 
(fig. 2). Six pups 7 weeks of age were fed ration W-1 (casein) for 9 
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days. Dogs dos. 78, 80, 81 and 82 were then changed to ration W-2 (wheat 
gliiteu). In addition, dogs nos. 81 and 82 received d-lysine dihydro- 
chloride ^ equivalent to 0.6% of the ration. Dogs nos. 79 and 83 hveve 
maintained on the casein ration as controls. Control dogs nos. 79 and 
83 continued to grow at a good rate and were normal in behavior. The 
four littermates fed rations containing wheat ghiten all had attacks of 
hysteria 3 clays after the eliange in rations. Six-tenth per cent d-lysine 
dihydvochloride in the diet did not retard the onset of attacks. 



Fig. 2 Jriupiildiiu'iitaiioii of ivlieat glutoii raliuii lysine. Control no. 79 and no, S;i, 

foH t'fist'in ration W-1 througlioot ox|ioT'iini»nt. H Iiystoria athK-lv. 

III. (figs. 3a, 3h). After a 12-day recoveiy period on I'ation W-1 dogs 
nos. 78, 79, 80, 81, 83 and 85 wei*e placed on the following experiment. 
Ko. 78 was maintained on the casein ration as a control. No. 81 was fed 
ration W-2; nos. 79, 80, 81 and 85 received '\\-2 phis the snpple- 
rucnt.s designated on the graphs. Neither 1.2% d-iysine dihydroeliloride, 
18% casein, 18% casein hydrolysate, nor 18% gelaiin ju-eveuted liysteria. 
The onset of the disease seemed to be slighily delayed in the dogs re- 
ceiving the protein supplements and the growth rate ivas increased by 
the addition of casein or casein hydrolysate. Calcium jianto then ate (fig. 
3) did not alleviate the symptoms. 

IV. Af tei' a 9-day preliminary feeding period on ration W-4 (casein) , 
two black Trish-Sotter-Clei-man Shepherd Cross littermates, nos. 90 
and 91, were fed ration W-3 (wheat gluten). The ration of no. 91 was 


" Merck. 
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supplemented with. 4.97% dl-lysine monohydrochloride. Dog no. 90 
developed hysteria in 2 days ; dog no. 91 had its first attack in 3 days. 
The growth of the animal fed lysine was slightly better. 



Kg. 3a Effect of supplementing wheat gluten rations. Supplements of 2.0 and 10.0 
me of calcium pantothenate were administered orally to dog no. 79 during the .seventh, cigUtli, 
and tenth days on ration W-2 pins 1.2% d-lysine diliydroehloride. Dog no. 81 m a similar 
r„„T.i,Ar was fed 2.5, 5.0, and 10,0 mg. of calcium piintothenate during the ninth, eleventh, 
and twelfth days on ration W-2. H = hysteria attack. 
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Escpcrment V (fig. 4 ). Effect of various levels of lolieai gluten intake. 

If the effects of wheat gluten were due to a partial deficiency of the 
protein, one might expect the deficiency to be less acute at higher levels 
of intake. On the otlier liand the effects of an imbalance or of a toxicity 
might be expected to be accentuated by greater consumption. 

After a recovery period of 14 days or more, dogs nos. 7S, 79, 82, 8.3, and 
84 were fed rations (1) W-:12, (2) W-7, (3) W-8, (4) W-9, (o) W-IO, 
respectively, containing 0%, 10%, 15%, 20y7, and 2,5% wheat gluten 
in addition to 20% casein. The results were as follows: (1) The control 
animal Avas maintained on the casein ration in noi-mal condition for 30 
days. (2) First hysteria attack wa.s observed after 22 days on the 10%: 



Fig. i FU'etit; ot level oi’ wheat gluten intake. H = hysteria attnek. 


Avheat gluten ration. (3) Death occurred after 15 days on the 15% wheat 
gluten ration. (4) First hysteria attack Avas observed after 9 days on 
the 20% AAdicat gluten ration. (5) First hysteria attack AA-as observed 
after 7 days on the 25% Avheat gluten ration. 

The hysteria attacks observed in these experiments Avere similar to 
those occurring in dogs fed the baked dog foods. IVlieat gluten caused 
hysteria more consistently and, in general, more quickly. Convulsions 
occurred frequently, varying in severity from brief attacks of a half- 
minute’s duration to a series of convulsions lasting for more than an 
hour. Post-mortem examination of a number of dogs failed to reveal 
any morphological ehange.s in the viscera which could be attributed to 
the feeding of wheat gluten with one exception ; in one animal which died 
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from hysteria the adrenals showed severe heinoiTliage in the inednd‘^^’5 
region. No signs of cerebral hemorrhage or lesions were found. 


DISCUSSION 

The close correlation between the occurrence of hysteria and the na- 
tion fed supports the viewpoint that the disease is dietary in origin- 
The possibility that any infectious agent is involved seems very 
Normal animals and animals affected with hysteria wtu'o alwayi^ in 
(‘lose association; usually being* separated only by a wire rnesli. At- 
tempts to produce toxins on baeterological media inoculated with an 
organism isolated from wheat gluten or with wheat gluten itself have 
given negative results and 6 hours autoclaving has failed to reduce the 
activity of wheat gluten.'* That the disease arising from tlie feeding 
of certain baked dog foods and that derived from the consumption of 
wheat gluten are a single entity seems probable. The response of 
animals seems to be the same in both cases except for the time required 
for its onset and the difference in severity of attacks. The .samplo® 
of dog food found to he active contained large amounts of wheat prod- 
ucts. Attacks vrere not prevented in either case by tbe addition oi 
thiamine, HCl, lysine, casein, casein hydrolysate, or the presence ot 
vitamin A concentrates in the ration. 

In the early phases of this work it seemed that we might be dealing 
with a deficiency. As the work progressed it became increasingly 
dent that a toxicity was involved. That a protein or an amino acid de- 
ficiency did result from some of the baked dog foods is true. Auimnrs 
receiving such products as the chief constituent of their rations showee 
a growth response to protein and lysine suiiplements (fig. 1). Although 
there is no clear evidence that those supplements reduced the incidence 
of hysteria attacks, it is conceivable that under such conditions ^ 
combined deficiency and toxicity the correction of tbe deficiency nng ^ 
increase an animal’s resistance to the toxicity. If the toxicity were no 
too acute, hysteria might even be prevented. This is a possible expl^^®^' 
tion for the curative effects of casein, lysine (Arnold and Blvehjein, 
’39), Autamin A (Walston ’33) and thiamine (Patton, ’39) repmWd m 
the past. Although wheat gluten flour is also deficient in lysine, conclu- 
sive proof of a toxicity is apparent in the studic.« wdth dogs. It has been 
demonstrated repeatedly that hysteria can be produced by addition o.. 
wheat gluten flour to an adequate ration. Furtliermore, snpplenn-^^ 
tion of wdieat gluten with lysine docs not pi-ovent the disease. 


Unj,m})li«}ied dat a. 
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Tlie disease does not seem related to pyiidoxine-delkieney fits of rats 
and pigs reported by Chick (’40), nor the valine-deficiency staggers of 
rats observed by Rose ( ’39). 

The nature of the toxic factor is still in question. It appears to be 
distinct from selenium -which has been found to be the toxic substance 
in certain grains (Moxon, ’37). Recent analyses made by Dr. Moxon 
of the South Dakota Experiment Station show the selenium contents 
of two samples of our wheat gluten fiour to be 1.2 and 2.4 parts per mil- 
lion. Even when these materials were fed as 30% of the rations the 
intake of selenium was well below the minimum levels reported to be 
toxic. Balls and Hale (’40) have reported a material extracted from 
wheat flour by petroleum ether and found to be toxic (Coulson et ah, ’42) 
for mice and certain microorganisms. "We have not found wheat gluten 
flour toxic for mice when fed as 30% of the ration." 

As a further point of interest it should be mentioned that in prelimi- 
nary studies we have been unable to detect any of the usual symptoms 
of canine hysteria in the chick, rat, guinea pig and monkey when fed 
rations containing large amounts of wheat gluten, for periods of 3 weeks 
or more.'' Melnick and CowgiJl (’37) have also reported the rat to be 
immune to the toxic factor in giiadin. 

The chemical properties of the toxic material in wheat gluten are now 
under investigation. Although details of the work cannot be presented 
here, it is significant that the wheat gluten can be rendered water- 
soluble by digestion with paixcreatin.'' It does not seem probable that 
it cau be causing any physical intei'ference with gastro-intestinal func- 
tion in spite of its extremely gummy character previous to digestion. 

SUMMAEY 

Canine hysteiia of the nutritional typo has been produced in dogs by 
feeding baked dog foods containing w^heat gluten flour and experimental 
rations containing wheat gluten flour. The disease appears to be caused 
by some toxic factor present in the wheat products. Although the pro- 
teins of these products are deficient in lysine, protein and lysine sup- 
plements do not prevent the disease. Hysteria can be caused in dogs 
receiving nutritionally adequate rations by the addition of wheat gluten 
flour to the rations. 
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THE ATWATER SYSTEM OF (!ALCTTLAT1N(5 THE 
CALORIC VAIATE OP DIETS 

LEONARD A. MAYNARD 
Cornell Vnwersitjj, Ithaca, New Tori: 


(Rpceivcd for piiRUe.ation September So, 1944) 


Some years ago Morey ( ’36) made a very eomprelieiisive analysis 
and comparison of methods of calculating the enei’gy value of dietwS, 
from which she concluded: “The multiplicity of methods used in calcu- 
lating the amount of energy actually derived by the body from a given 
amount of food eaten or purchased makes it extremely difficult to com- 
pare accurately different dietary studies and standards. ” The problems 
here involved become of special importance at the present time because 
of the need for a common basis for international comparisons of food 
supplies and for their evaluation in relation to dietary needs. This re- 
view deals with these problems, with particular reference to the ap- 
plicability of the Atwater system. 

In this system, which has long been generally employed in the XTnited 
States, calories are obtained by multiplying grams of protein, fat.s and 
carbohydrates by the factors, 4-9-4, respectively. On the other hand the 
Rubner factors, 4.1-9.3-4.1, have generally been used in Europe and 
elsewhere. The principjal difference between the two sets of factors 
is that the Atwater values take account of digestion losses which those 
of Rubner do not. Atwater has pointed out that Rubner ’s values for fat 
and carbohydrate are heats-of-combustion values and that when they 
are multiplied by the appropriate coefficients of digestibility they be- 
come approximately the same as his own (Atwater’s), Applied to mixed 
diets Rubner ’s factors give a caloric value which is about 3% higher 
than obtained by Atwater’s factors, according to Morey (’36) who ha.s 
reviewed the bases of the two sets of values. 

There is a further difference in the practice in the IT.S.A. and in the 
U.K. (United Kingdom). According to the Atwater system the carbo- 
hydrate factor 4 is applied to carbohydrates as detertiuTicd “by differ- 
ence”, whereas the British workers, McCance and Widdow.son (’42) 


■u?, 
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make tlie calculation on tlie basis of what they designate as tlie “avail- 
able carbohydrate”, namely, the directly detei'mined starch, sugars and 
dextrins. Further they express all of these carbohydrates as glucose 
and multiply the total by 3.75, the heat-of-combustion value of this 
sugar, to obtain calories. 

More recently the Accessory Food Factors Committee of the Medical 
Besearch Council of the U.K. have used the Atwater factors in comput- 
ing the composition of war-time foods but they have expressed the 
“available carbohydrates” in terms of their starch equivalents (di- 
saccharides -f- 1.055, hexoses -f- 1.11) before applying the factor 4, 
whereas by the Atwater system the total carbohydrates are multiplied 
by the factor directly. Thus the M.R.C. (Medical Research Council) 
procedure results in lower values for all foods containing sugars. Cane 
sugar, for example, has ajpproximately 5% fewer calories by the M.R.C. 
calculation than by the Atwater method. 

The problems arising from the discrepancies between the U.K. pro- 
cedure and the Atwater system as used in the U.S.A. and Canada be- 
came apparent in a joint study made by experts of the three countries, 
involving a comparison of food consumption levels in relation to nutri- 
tional needs. The difficulties encountered are discussed in Appendix D 
of the Report of the Special Joint Committee (’44). The problem has 
arisen again in studies in which U.K. and U.S.A. scientists are cooper- 
ating in evaluating the food supplies of various countries of conti- 
nental Europe, as well as in connection with the activities of the United 
Nations Relief and Rehabilitation Administration (U.N.R.R.A.). It 
will continue to be a problem, post-war, for international programs in 
the field of food and mitrition unless a common basis for food evalu- 
ation is agreed upon. The present article is presented as a contribution 
to this objective. The experimental basis of the Atwater system is 
reviewed, with particular reference to the points of difference with 
the present U.K. procedure. Its applicability to diets differing widely 
in make-up from the U.S. diet is critically discussed. 

Atwater (’00) has summarized the experimental basis of his pro- 
cedure in the 12th Annual Report of the Storrs Agricultural Experi- 
ment Station. The detailed supporting data are published in other 
reports from this station, in bulletins of the Office of Experiment Sta- 
tions and elsewhere. For pui’poses of the present study and because the 
publication in question is doubtless unavailable in many libraries, table 
10 from the Storrs Report is here reproduced without change (table 1). 

Atwater first summarized 185 dietary studies made on different 
groups of people in different areas of the U.S.A. He classified the foods 
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TABLE 1 

Factors for heats of coriibusUon and fuel values of nutrients in (lifereni fjroups of food 

materials and in mixed diet. 


(Table 10 from Atwater, Eeport of Btorrs Agri(5Xiltiiral Experiment Hbilion. for 1800.) 



NUTK.TF.NTS 

1 

rrio- 

'PDTAL 1 

PUICF VAT/UF 


PURN1SHT3B | 

HEAT iJP 

POKTTON 

FNENGY j 



KIND 0^ 

nv 11 AT FT 

COM- 

Gif’ TOTAT. 

innianAM y 

1 



RUSTION 

NUTRIENT i 

IN i 

P,,,. 1 

IN‘r jiTam 

POOD MATEKIAL 

too OKAMS ! 

VYM «JKAM 

ACTUAUbV 1 

AVAIUAUW3 ! 

uviil'iahF j 

lotal 


TOTAL 


AVAILAIU.F ; 

1 

NUTRIENTS [ 

nulriviits | 



A 

B 

0 j 

D ! 

F.. j 


Protem 

(hn. 

Cats', 


flats. 1 

1 

Cat?. 1 

Cah. 

Meats, fisli, etc. 

43.0 

5.65 

,97 

5.50 i 

4.-10 

4.25 

Eggs 

6.0 

5.75 

.97 ! 

5.60 i 

4,50 

* 1 , « » I > 

Dairy x)ro(iiicts 

12.0 

5.65 

.97 

5.50 j 

4.40 

4.25 

Animal food 

61.0 

5.6.5 

.97 

5.50 ; 

4.40 

4.25 

Cereals 

31.0 

5.80 

.85 

4.95 

4 .55 

3.70 

Legumes 

2.0 

5.70 

.78 

4.45 

4,45 

3.20 

Vegetables 

Fruits 

5.5 

0.5 

5.00 

5.20 

.83 

.85 

4.15 

4.40 

3.75 

3.05 

2.90 

3.15 

Vegetable food 

391) 

5.65 

.85 

4.80 

4.40 

3.55 

Total food 

100.0 

5.65 

.92 

5.20 

4.10 

4.00 

Fat 






9.00 

8.80 

Meat and eggs 

Dairy products 

60.0 

32.0 

9.50 

9.25 

.95 

.95 

9.00 

8.80 

9,50 

9.25 

1 

Animal food 

92.0 

9,40 

.95 

8.95 

! 0.40 

8.95 

Vegetable food 

8.0 

9,30 

.90 

8.35 

' 0.30 

8.35 

Total food 

100.0 

9.40 

.05 

8.00 

1 9.40 

i 

8.90 

Carbohydrates 

Animal food 

5.0 

3.90 

! .98 

1 

3.80 

i 

1 

1 3.90 

3.80 

i 

Cereals 

Legumes 

Vegetables 

Fruits 

Sugars 

55.0 

1.0 

13.0 

5.0 

21.0 

4.20 

4.20 

4.20 

4.00 

3.95 

.98 

1 .07 

.95 
.90 
.98 

i 4.10 

I 4.05 
4.00 
3.60 

3. 85 

j 4.20 

1 4.20 

1 4.20 

i 4.00 
3.95 

i 4.10 

* 4.05 

4.00 

1 3.60 

j 3.85 

Vegetable food 

95.0 

4.15 

.97 

4.00 

4.15 

'l 4.00 

i 

Total food 

100.0 

4.15 

.97 

4.00 

4,15 

! 4.00 


» Values for fats and carTjohjdrates, same as eorre.^onding values in eolunm B. Values for 
nrotoin, same as corresponding values in column B minus 1.25. ^ ^ , 

^Values for fats and carlioliydratos, same as corresponding values in column I). ^ nines for 
protein, same as corresponding values in column B minus 1.2.5. 
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consumed into various groups (meats, milk, cereals, sugar, vegetables, 
etc.), uud calculated the percentage of protein, fat and carbohydrate 
furnished by each grouj), thus providing average figures for the 185 
diets. These average figures wei'e taken to represent the relative pro- 
pox’tious of total food and total nutrients supplied by the different food 
groups in the “average diet”. The amounts of the nutrients calculated 
to be furnished by the various foods of this diet are given in column A 
of the table. 

Atwater next tabulated the heats-of -combustion (gross calorie values) 
of various proteins, fats and carbohydrates, and on the basis of these 
data he assigned values for the different groups, as shown in column B 
of the table. Based on the distribution of these groups in the average 
mixed diet, obtained from the dietary studies, he calculated that the 
heat-of-combustion value for the protein of such a diet could be con- 
sidered as 5.65 cal. per gram, for the fat 9.4 and for the carbohydrates 
4,1. Atwater summarized the data of ninety-seven human digestion 
experiments with mixed diets and of others with single food stutfs, to 
arrive at the average coefficients of availability (digestibility) for the 
nutrients of the different food groups and for the average mixed diet, 
as is shown in column C. Thus for this diet the figures became : protein 
92; fats 95; carbohydrates 97. In view of the different meanings given 
to the term “availability” by others, it should be noted that Atwater 
used the term to denote digestibility. 

To arrive at the calories which were considered useful for growth, 
maintenance and repair, Atwater applied the coefficients of availability 
(column C) to the heats-of-combustion (column B) for the various 
foods, thus obtaining the data in column D, Then he corrected these 
data for 1.25 cal. per gram of protein lost as urea and thus arrived at 
the final figures in column F. The data in column E do not enter into 
this calculation. These are the lieats-of-combustion values, less 125 cal. 
per gram in the case of protein. They are the values which should be 
applied to digested nutrients. This would result in the same figures as 
applying the values in column P to the grams of total food (column A). 
The latter calculation is the one we actually employ in evaluating diets 
and the term “fuel value” is now used specifically to denote the values 
in column P. Here again it should be noted the values thus assigned to' 
a given nutrient differ widely for different food groups. For example, 
the protein of meat lias a value of 4.25, while for cereals the value is 
3.7. Based upon the proportion of the different food groups found in 
the average diet he arrived at the overall values we now use, namely; 
protein 4, fat 9 (rounded off from 8.9) ; and carbohydrates 4. 
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TMs analysis of tlie basis of the Atwater system, and a review of tbe 
supporting experiments, indicate that it rests upon a large body of 
scientific data, both chemical and physiological, carefully and accurately 
determined. The analysis also reveals certain facts regarding the sys- 
tem which need to be kept in mind in its application. 

It should be noted that the Atwater factors, 4-9-4, as arrived at by the 
procedure indicated in the table, apply strictly only to the diets in 
which the kinds and proportions of foods are similar to those of his 
average mixed diet. A comparison of the make-up of tlie latter with 
the present day U.S.A. average diet, as revealed by the Consumption 
Levels Study (’44), indicates that the factors are currently applicable 
in the U.S.A. They tend to overvalue, however, diets which contain a 
larger proportion of their calories from the less digestible foods, as is 
discussed later. 

The Atwater values arrive at the calories which are actually utilizable 
in metabolism, assuming that a digestion trial which measures “dis- 
appearance” in the tract is a reliable measure of the absorbed nutrients 
and assuming that these nutrients are all energy formers (subject to the 
deduction of the energy of urinary nitrogen) . There appears to be no 
modeim physiological evidence to invalidate this assumption in any 
significant way. The question as to whether the Atwater values rest on 
reliable digestion data also enters. An examination of the basic data and 
a comparison of them with the results of more recent studies indicate 
that the basis for the Atwater values may generally be considered as 
sound. The values do not measure the “net energy” as conceived by 
Kellner and Armsby, for they do not take account of heat losses which 
vary for the different nutrients, as influenced by various factors. 

It is apparent from the discussion of the data in the table that the 
Atwater system takes account of the fact that a certain fraction of the 
total carbohydrates and of the protein and fat as well, of each food is 
unavailable, by appropriate deductions based on actual digestion 
studies, before arriving at the overall factor of 4 to be applied to the 
total. Thus the M.E.C. procedure of applying the factor 4 to “available 
carbohydrate” involves a double deduction. The Atwater gi'oss factor 
of 4.15 (average for all foods) is the one that should be applied here, 
according to the Atwater system. The M.E.C. system of converting- 
sugars to starch before applying the factor makes the deduction a 
triple one in the case of sugars. Atwater’s overall factor of 4 is not a 
starch factor. It represents a weighted average for the various carbo- 
hydrates as they occur in the diet, thus taking account of the fact that 
sugars have a lower caloric value than starch. If all are converted to 
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starcli tlio correct factor by Atwater is 4.1 on the “total” basis or 4.2 
on tbe “available” basis. Tims it appears that the M.E.C. procedure of 
applying’ the Atwater factor only to “available carbohydrate” and of 
calculating sugars back to starch before applying the value is not in 
accord with the basis on which tlie value rests. 

While it is agreed that it is chemically more accurate to determine 
carbohydrates directly, as is the case for “available”, than by differ- 
ence, as is the case for “total”, one needs assurance that what is 
chemically determined as “available” truly represents the physio- 
logically utilizable fraction. Atwater’s determinations have this merit 
at least insofar as digestibility may be considered a proper measure. 
It is recognized that the “available” values of the M.R.C. do not take 
account of all the glycogen forming material included with the “total”, 
such as certain organic acids in fruits and vegetables and lactic acid in 
cheese. Further, with certain foods, physiological evidence indicates 
that there are significantly more digestible carbohydrate calories pres- 
ent than are measured chemically as starch and sugar. These differ- 
ences may seem inconseciuential but they should be considered before 
decision is reached that the “available” basis is definitely better. In 
current U.S.A. tables, as explained in connection with those of Chatfield 
and Adams (’40), the total carbohydrate values for certain foods, for 
example, soybeans, have been scaled dovm where evidence has shown 
them to contain so much unavailable material that Atwater ’s coefficient 
of digestibility tends to overrate them. 

I’lie potato, winch makes a large contribution to the caloric intake in 
nearly all countries, is an example of foods about which there is doubt 
as to whether the starch and sugar are the sole source of utilizable 
carbohydrate calories. Analjffical data for potatoes from various 
sources indicate that the sum of the starch and sugar present is only 
about 85% of the total carbohydrates as determined by “difference”. 
Thus the caloric value of potatoes as calculated by the Atwater system 
is discounted by over 10% when only the “available carbohydrate” is 
considered. Yet extensive human data reviewed by Rubner and Thomas 
(’18) indicate that leas than 6% of the gross calories of jDotatoes are 
lost in digestion, which is in line with losses allowed for in the Atwater 
system. It appears, therefore, that potatoes must contain utilizable 
carbohydrate calories in addition to those calculated from “available 
carbohydrate” and that the latter basis is incorrect for this food. There 
are even larger differences between the total and the “available” carbo- 
hydrates in the ease of various pulses and nuts and of most of the com- 
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mon vegetables. That the carboliyclrate represented by these differ- 
ences is entirely unavailable has not been proved. 

It has been mentioned that the Atwater factors for a mixed diet do 
not apply accurately to many individual foods. While the factor 4 ap- 
plies to the mixture of proteins in the U.S. diet, the value for eggs is 
4.35, meat 4.25, cereals 3.7, legumes 3.2, etc. Similarly the carbohydrate 
factors for individual foods range from 4.1 for cereals to 3.6 for fruits. 
Thus, the fuel values for certain individual foods as they appear in 
tables of food composition, calculated by the use of the average factors, 
4-9-4, can be considered oidy approximations. The errors here tend to 
balance out in calculating the fuel values of mixed diets similar to the 
average diet upon whicli the factors are based and thus are of no great 
concern. But this is not true for certain food combinations and the 
errors involved in the individual values should be recognized in connec- 
tion with controlled experiments with diets which vary markedly in 
make-up from the pattern on which the overall values, 4-9-4, are based. 
For example, if one desired to compare a diet of animal products -with 
a diet of cereals, legumes, and vegetables, at the same caloric level, and 
used the factors, 4-9-4, for both combinations, the desired caloric 
equality would not be achieved. 

The real problem in the use of the Atwater factors arises in connec- 
tion with diets which are markedly different in food make-up from, the 
average mixed diet upon which they are based. Compared with the 
latter, the U.K. wartime diet is lower in animal products and higher in 
potatoes and cereals. Thus the Atwater factors would tend to over- 
value it because animal protein has a higher fuel value than vegetable 
protein. The cereal carbohydrate of the Atwater diet came very largely 
from highly milled flour, as is the case for the present U.S. A. diet. The 
flour of the U.K. wartime diet, however, is an 85% extraction, and its 
energy is somewhat less digestible than the highly milled products. 

Thus, on this basis, the Atwater factors tend to overvalue the calories 
of a diet such as the present U.K. combination which contains over 
one-third of its calories from this somewhat less digestible source. 
These considerations undoubtedly influenced U.K. authorities in adopt- 
ing their present procedure. The overvaluation which might result 
from the use of the factors, 4-9-4, becomes of greater concern in con- 
nection with the wartijue diets of occupied countries which consist 
much more largely of foods of plant origin, and particularly of less re- 
fined foods higher in fiber and thus less digestible. For the same reasons 
their application to the u.sual diets of Eastern peoples is subject to 
error. 
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Atwater never intended that the factors, 4-9-4, should be applied with- 
out modification to all diets. His data in-produced in the table provide 
the basis for deriving other sets of overall factors for any combination 
of tlie food groups and thus for any diet made up largely of the groups 
listed. As an alternative, the individual fuel value for each nutrient of 
each food or food group, as li.sted in column F, could be applied to the 
corresponding nutrient supply data to arrive at caloric values by foods 
or food groups, aud their values could then he totalled to give the 
calorics for the diet as a whole. In this way the Atwater system could 
be applied to any diet, without introducing the errors inherent in the 
average factors for diets differing widely from the original average 
mixed diet. For either of these procedures a figure for vegetable fat.s 
as .such, not provided by the Atwater table, is required. It would seem 
that they should he assigned the fuel value of 9, the same as animal fats, 
rather than the figure of 8.35 which Atxvater lists for fats in “vegetable 
food”. Further, factors would need to be provided for cereals of low 
extraction. There are digestion data in the literature which could 
furni.sh the basis for such factors. 

The above procedures would of course greatly increase the calcula- 
tions required compared with the present use of a single set of factors 
for the diet as a whole. A short-cut procedure which would correct 
for significant deviations in the proportions of foods of plant and animal 
origin from the pattern of the average mixed diet wmnld involve a re- 
weighting of tile average values accordingly. Atwater’s overall fuel 
value of 4 for protein is based upon an approximately 60: 40 distribu- 
tion of animal protein averaging 4.25 cal. per gram and of xmgetable 
protein averaging 3.55 cal. A 30 : 70 distribution would give an overall 
value of 3.75. Thus, for any diet an appropriate overall value for 
protein could he calculated by weighting Atwater’s values for the two 
classes of protein in accordance -with the proportions of each present. 
Similarly, appropriate values could he computed for fat and carbo- 
hydrates. This procedure would not take account of variations caused 
by large and significant differences in food distribution within the twm 
groups. ■ 

Thus, another alternative might involve a condensation of the data 
of the groups of the original Atwater table to provide values such as 
tho.se listed in table 2. Hei-e values for cereals of 85% extraction have 
been included, ba.sed upon digestion studies of the XJ.K. wartime flour. 
In applying the data in this table to the food supply for a given country, 
the overall value for calculating its protein calories could be easily de- 
rived as an average of the individual values, weighted in accordance 
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with the propoi'tions of the different classes of foods pi-esent. Similarly, 
an appropriate value for fat could be obtained. It would he little dif- 
ferent from the present Atwater value because such a small portion 
of fat is supplied from foods other than animal products and animal 
and vegetable fats as such. Similarly, an appropriate value to be ap- 
plied to “total” carbohydrates would not be significantly lower than 4-, 
except for diets, for which a substantial proportion of the carbohydrate 
calories is furnished by cereals of low extraction. The table could be 
condensed, or made more detailed. A study of Atwater’s ba.sic data 
might modify some of the values. They serve here mei-oly to illustrate 
one possible solution of the problem. 


TABLE 2 


Condensation of original Atwater fable of fuel mines of nutrients in different groups of 

food materials. 



PROTEIN 

PAT 

TOTAL 

nAR.BOHirDn.\TES 

Animal products 

4.25 

9.00 

3.8 

Animal and vegetable fats 

Cereals (70% extr.) 

1 

o 

9.00 

4.1 

(85% extr.) 

8.60 


3.8 

Pulses and nuts 

3.20 - i 

- S.35 

4.0 

Vegetables (iiieliidiiig potatoes) 

2.00 * 


4.0 

Pruits 

3.15 — 


3.0 

Sugar (sucrose) 



3.85 


Any of these procedures could be modified to utilize the “available 
carbohydrate” basis, and the gross calorie values in eolumn E of At- 
water’s table, if that were deemed desirable. For reasons discussed in 
this review the writer does not favor the adoption of this basis at the 
present. Particularly, certain procedures emplo 3 ''ed in its use by the 
M.R.C. seem questionable if the experimental basis of the Atwater 
system is accepted. 

The possible procedures here outlined for adapting the Atwater sys- 
tem to diets differing mdely from those upon which the factors, 4-9-4, 
were derived increase the computations which must be made. How far 
it is worthwhile to attempt to refine the original procedure, in view of 
errors inherent in estimating food supplies and of the variability repre- 
sented in data as to “average composition”, may be questioned. But 
for international comparisons, in %vhich. there are wide differences in 
the character of the food supplies, some modifications from the use of 
a single set of overall factors, but still having a common basis, seem 
essential. Unless there is a comparable basis for computing calorie 
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supplies the use of any common standard as to calorie allowances or 
requirements, as a measure of the adequacy of these supplies, is mean- 
ingless. There can be no worthwhile international studies without some 
common agreement as to procedures. It is hoped that the information 
provided by the present review of the experimental basis of the Atwater 
system raay prove helpful in achieving this end insofar as food and 
nutrition programs are concerned. 
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MEAD JOHNSON AND COMPANY 
‘B-COMPLEX’ AWABD 


Nominations are solicited for the 1945 Awai-d of $1,000 
established by Mead Johnson and Company to promote re- 
searches dealing with the B complex vitamins. The recipient 
of this Award will be chosen by a Committee of Judges of the 
American Institute of Nuti’ition and the formal presentation 
will be made at the annual meeting of the Institute at Cleveland 
on May 8, 1945. 

The Award will be given to the laboratory (n on-clinical) 
or clinical research worker in the United States or Canada 
who, in the opinion of the judges, has published during the 
previous calendar year January 1st to December 31st the 
most meritorious scientific report dealing with the field of the 
‘B-complex’ vitamins. While the award Avill be given primarily 
for publication of specific papers, the judges a)‘e given con- 
siderable latitude in the exercise of their function. If in their 
judgment circumstances and justice so dictate, it may be 
recommended that the prize be divided between two or more 
persons. It may also be recommended that the award be made 
to a woi'ker for valuable contributions over an extended period 
but not necessarily representative of a given year. Member- 
ship in the American Institute of Nutrition is not a requisite 
of eligibility for the award. 

To be considered by the Committee of Judges, nominations 
for this award for work published in 1944 must be in the hands 
of the Secretary by January 15th, 1945. The nominations 
should be accompanied by such data relative to the nominee 
and his research as will facilitate the task of the Committee 
of Judges in its consideration of the nomination. 

Arthur H. Smith 

Wayne University College of Medicine 
Detroit, M icMgan 

Secretary, Amertcah Institute qp Nutrition 



BORDEN AWARD IN NUTRITION 


The American Institute of Nutrition will make this award 
in recognition of distinctive research by investigators in the 
United States and Canada which has emphasized the nutritive 
significance of the components of milk or of dairy products. 
The award vdll he made primarily for the publication of 
specific papers, but the judges may recommend that it be 
given for important contributions over an extended period of 
time. The award may be divided between two or more investi- 
gators. Employees of the Borden Company are not eligible 
for this honor. 

The formal presentation will be made at the annual meeting 
of the Institute at Cleveland, May 8, 1945. To be considered 
for the award, nominations must be in the hands of the Chair- 
man of the Nominating Committee by January 15, 1945. The 
nominations should be accompanied by such data relative to 
the nominee and his research as will facilitate consideration 
for the award. 

Frederick J. Stare 
Jlai'vanl Medical School 
Boston, Massachusetts 

Ghairmak-, Nominating Committee 
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